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The occupational lung disease has been a challenge over the 
past few decades. Various suspended particulate matters of 
industrial environment are the main cause of respiratory ailments. 
The prominent respiratory diseases are asthma, bronchitis and 
other forms of lung allergic reaction. It is believed that the agro-
based products like hay, grain, rice bran, wheat straw etc. contains 
various kinds of allergens which upon inhalation sensitizes the 
individuals and result in Hypersensitivity pneumonitis (HP) like 
farmer's lung, bagassosis, mushroom worker's lung and ventilation 
pneumonitis. These HP diseases are an immunological induced 
inflammation of the lung parenchyma and shows symptoms like 
chills, fever, sweating, headache and nausea that begin 2 to 9 
hours after re-exposure to the contaminated agro- environment. 
Studies on HP caused by thermophilic actinomycetes are of 
particular interest in northern India, which is predominantly an 
agricultural area with the bulk of its population exposed to a 
variety of agro-based products. This necessitates the determination 
of local common allergens of TAs group for proper diagnosis of 
the disease in local population of the area. 
The present study deals with the isolation of thermophilic 
actinomycetes (TA) from different agricultural products and aerial 
environment in the state of Uttar Pradesh, India and characterize 
them morphologicaly, biochemicaly and serologicaly . Further, 
probes for the detection of antibodies against thermophilic 
actinomycetes associated with hypersensitivity pneumonitis among 
the local farmers and agro-industrial workers were developed. 
Thermophilic actinomycetes were isolated from paddy grains 
wheat and rice straw, rice husk, hay bagasse, cotton dust and soil 
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samples etc. These samples were collected from agricultural 
fields, poultry farm, dairy farm, cotton mill and sugar mill located 
in Uttar Pradesh, India. Of the 467 samples, 70.2% yielded one or 
more species of TAs. The TAs isolated from different environment 
varied in their morphological and biochemical properties. The TAs 
were identified as:- Thermoactinomyces vulgaris, T.thalpophilus, 
T. sacchari, Saccharopolyspora rectivirgula, Thermomonospora 
fusca and Saccharomonospora viridis. Thermoactinomyces 
vulgaris was the most widely prevalent species followed by S. 
rectivirgula and T. thalpohilus. T.sacchari was frequently isolated 
from bagasse samples. T.fusca and S.viridis counts was low as 
compared to other TAs isolates. All the selected TAs were found 
resistant to nalidixic acid and novobiocin. T.fusca and S.viridis 
showed resistance to ampicilin, whereas T.fusca was also resistant 
to kanamycin to which all other tested TAs isolates were sensitive. 
Seasonal aerial counts of TAs in the agriculture farm of 
Kuarsi, Aligarh was determined by direct media Petriplate 
exposure. The higher colony counts plate'1 was recorded during 
May (3.3) followed by June (2.1) which decreased during July and 
August. Again a sharp rise occurred during October, after which a 
gradual decrease was noted. 
The aerial prevalence of TAs were recorded from dairy farm, 
poultry farm, cotton spinning mill and sugar mill located in 
Western Uttar Pradesh, India. Dairy farm, Jamalpur and Poultry 
Farm, Meerut, yielded high prevalence of S.viridis, T.vulgaris, 
T.thalpophilus, S. rectivirgula whereas T.sacchari was also 
recovered from fodder store in dairy farm. In poultry farm, 
S.viridis and T. vulgaris were more prevalent. The cotton spinning 
mill, Hardoi, revealed higher aerial counts of T. vulgar is and 
T.thalpophilus in the speed frame section and S.rectivirgula 
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accounted more in blow room. Whereas, in Saatha sugar mill, 
Aligarh, T.sacchari and T.vulgaris were highly prevalent in 
crushing and bailing sections. Membrane filters were used to trap 
the spores of TAs at different agro-sites. The average cfuL"1 of air 
inflow were recorded mostly from agricultural farm where T. 
vulgaris was highly prevalent (5.6 x 10J cfuL" ). T sacchari was 
5.6 x 10J cfuL"1 of air samples collected from sugarcane unloading 
area of Saatha sugar mill. 
Double immunodiffusion (DID) test with cultural filtrate 
antigens of T.vulgaris, T.thalpophilus, T.sacchari and 
S.rectivirgula showed that all organisms reacted strongly with 
their homologous antisera raised in New Zealand white rabbits. 
However, number of precipitin bands varied from organism to 
organism. Much clear bands were obtained with culture filtrate 
after 70% ammonium sulfate precipitation and gel filtration of 
antigens. The antigens prepared from different TAs and their 
homologous antisera when reacted with heterologous antigens 
revealed the antigenic diversity among these TAs. 
Clinically important TAs prevalent aerially in cotton 
spinning mill, Hardoi and Saatha sugar mill, Aligarh, India were 
evaluated to find out their effect on the workers (n= 115) exposed 
to these organisms. On the basis of the symptoms of 
hypersensitivity pneumonitis, subjects were divided into 
symptomatic and asymptomatic groups. The workers from both the 
mills above 35 years of age were less precipitin positive and lower 
number of precipitin positive cases were also noted in smokers and 
non-smokers. S.rectivirgula yielded more precipitin positive sera 
in both symptomatic and asymptomatic groups among cotton 
spinning mill workers, whereas, the ELISA positive cases were 
also more against S.rectivirgula followed by T.thalpophilus and 
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T. vulgaris. Among sugar mill workers, higher number of precipitin 
positive sera of symptomatic and asymptomatic were ELISA 
positive against T. sacchari and S.rectivirgula as compared to 
their respective precipitin negative sera. In general, the mean 
absorbance ELISA values for ]gG antibodies in the sera of 
precipitin positive symptomatic and asymptomatic were 
significantly (P<0.05) higher than their respective precipitin 
negative subjects sera or the unexposed healthy control. 
The subjects with complaint of respiratory disorders were 
investigated at J.N. Medical College, Aligarh. Non-farmers 
(n=300) and farmers (n=129) were included in the study. 33% of 
non-farming subjects reported to have family history of respiratory 
allergies as compared to farmers. Among farming populations, 
symptoms of farmers lung disease like wheeze, chill with fever, 
chest tightness were less frequently among full-time farming 
groups as compared to part-time farmers. 
Double immunodiffusion (DID) test and Enzyme-linked 
immunosorbent assay was performed to determine precipitin 
reaction and IgG antibodies in the sera of subjects against antigen. 
Out TAs of the 85 sera samples collected from non-farming 
populations, only 11.8% reacted in DID and ELISA against TAs 
antigen, whereas the sera samples collected from farming group 
(n=147) which included both symptomatic and asymptomatic 
subjects, reacted strongly against these TAs in DID and ELISA. 
It is, therefore, concluded that the clinically important TAs 
existed in various agro-industrial samples which could be life 
threatening to the workers exposed to these bioallengens. The 
serological methods used like ELISA could be useful for serial 
prospective studies and probably also for early diagnosis of 
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actinomycatal disease. As ELISA is simple, inexpensive, safe and 
readily available, it could help to determine the patterns of 
antibody activity in different classes and subclasses of 
immunoglobulin which may be of great importance for the better 
understanding of the immunopathology of actinomycetal 
infections. Our findings can help different agencies engaged in 
prevention and control of pollution in forecasting the danger of 
actinomycetal infections. 
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The occupational lung disease has been a challenge over the 
past few decades. Various suspended particulate matters of 
industrial environment are the main cause of respiratory ailments. 
The prominent respiratory diseases are asthma, bronchitis and 
other form of lung allergic reactions. It is believed that the agro-
based products like hay, grain, rice bran, wheat straw etc. harbours 
various kinds of allergens which are harmful to the farming 
population (Dutkiewicz et al, 1989; Zedja and Dosman, 1993). 
Thermophilic actinomycetes (TAs) are ubiquitous in nature 
and are found almost in every decomposing organic matter where 
temperature reaches above 45 C. Agricultural farming and agro-
based industries deal with moudly materials such as bagasse, 
straw, cotton, stored damp hay and stored moist grain. The self-
heating of these substrates caused by microbial growth and their 
activity raises the temperature at which TAs can grow. The TAs 
play an important role in the establishment of hypersensitivity 
pneumonitis among farmers (Lacey and Dutkiewiez 1994; 
Salvaggio, 1997, Prior et al, 1996; Von Ehrensten et al, 2000). 
The most common species of TAs causing hypersensitivity 
pneumonitis (HP) includes the species belonging to genera Faenia, 
Saccharomonospora and several other species of Thermoactino-
myces (Lacey and Dutkiewicz, 1994; Khan et al, 1995; Moreno et 
al, 1997). These organisms have been isolated from various 
working and living environment of patients (Kurup et al, 1976). 
Inhalation of numerous spores of these organisms will sensitize 
the individuals and, on prolonged inhalation of heavily 
contaminated air, may result in HP (do Pico, 1992; Fink, 1992). 
Hypersensitivity pneumonitis is an immunologic interstitial lung 
disease which may be incapacitating if not diagnosed early and 
controlled by avoidance of antigens. The commonly recognized 
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diseases includes farmer's lung, bagassosis, mushroom worker's 
lung and ventilation pneumonitis and are caused by inhalation of 
thermophilic actinomycetes and various fungi or other organic 
dust. 
These HP diseases are an immunological induced 
inflammation of the lung parenchyma. The respiratory systems 
may be acute, consisting of chills, fever, sweating, headache and 
nausea that begin 2 to 9 hours after re-exposure, peak typically 
between 6 and 24 hours and lasts from hours to days. The sub-
acute form may appear gradually over several days to weeks and is 
marked by cough and dyspnoea which may lead to severe dyspnoea 
leading to urgent hospitalization. The chronic form has an 
insidious onset over a period of months, with increasing cough and 
exertional dysponea, fatigue and weightloss (Richerson et al., 
1989). Symptoms, signs and other manifestation of HP disappear 
within days, weeks or months in most patients if the causative 
agent is no longer inhaled (Fink, 1984). There is widespread 
exposure to these antigens, but the number of individuals who 
develop the disease is relatively low. It has been estimated that 
between 5 and 15% of an exposed population will develop HP 
(Fink, 1992). This observation strongly suggests that host factors 
are important in the expression of chemical disease. 
Farmer's lung disease is a form of HP caused by inhalation 
exposure to aerosolized dust of "moldy hay" containing 
thermophilic actinomycetes (Pepys, 1969). The exposure may be 
short or long-term (Short-term exposure usually results in acute 
clinical episode, whereas lung-term low-dose exposure usually 
results in a more insidious disease frequently progressing to 
extensive irreversible lung damage). The diagnosis depends on the 
demonstration of an association between exposure to moldy forage 
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and the clinical symptoms. This association is most frequently 
made by demonstrating antibodies to one or more of the 
thermophilic actinomycetes (Bamdad, 1980). Farmer's lung is 
reported to be consequence of a type III hypersensitivity reactions 
in combination with type IV allergy. The formation of immune 
complexes seems to be the initiating mechanism of this disease. 
These immune complexes activates the complement cascade, 
resulting in a release of vasocative amine (histamine, 5-
hydroxytryptamine) which leads to a higher permeability of blood 
vessels. Additionally, accumulated lymphocytes activate 
macrophages, which in this disease fail to phagocytose the immune 
complexes, resulting in epithelial granulomas and interstitial 
inflammation (Gemot et al., 1997). 
Diagnosis of HP includes appearance of clinical symptoms 
and the antibodies production in the serum of exposed subject, that 
match the concept of an immune complex mediated reaction in the 
bronchioles and mainly in alveolar wall tissue. Antibodies can be 
detected by several methods such as immunodiffusion, counter-
immunoelectrophoresis, Immunoblotting and Enzyme-linked 
immunosorbant assay (ELISA). 
Double immunodiffusion method has been used for the 
detection of precipitating antibodies in the serum samples against 
the antigen of TAs. The DID however, can detect the precipitating 
antibodies only if present in higher quantity. The ceasation of 
exposure to bio-allergens results in reduction in the amount of 
antibodies, and therefore, DID may give negative results. 
Although the patients may still have features of HP and re-
exposure can elicit the full clinical picture. Many investigators 
have detected precipitin against S.rectivirgula in the patient's sera 
of HP, having an elevated concentration of IgG antibodies 
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(Cornelia et al., 1996; Kumar et al., 1993) as compared to 
unexposed control subjects. The specific class of Immunoglobulin 
can not be detected by precipitating antibodies in DID. ELISA has 
been therefore, employed to detect specific IgG antibodies against 
TAs in the exposed farm and agro-mill workers. The results of 
ELISA have been correlated with DID and clinical diagnosis of 
HP (Bour et al., 1992). Studies on HP caused by thermophilic 
actinomycetes are of particular interest in northern India, which is 
predominantly an agricultural area with the bulk of its population 
exposed to a variety of agro-based products. This necessitates the 
identification of local common allergens of TAs group for proper 
diagnosis of the disease in local population of the area. The 
present investigation was therefore, undertaken with the following 
specific objectives: 
1) To undertake the survey of different agricultural products 
and aerial environment for the prevalence of thermophilic 
actinomycetes in agro-industries and agricultural farms in 
the state of Uttar Pradesh, India. 
2) To undertake morphological, biochemical and serological 
characterization of these clinically important thermophilic 
actinomycetes. 
3) To develop probes for the detection of antibodies against 
thermophilic actinomycetes associated with hypersensitivity 




2.1 Historical and Taxonomic development 
Tsiklinsksy (1899) is accredited with the isolation of 
thermophilic actinomycetes from decaying straw. One of the 
species isolated from decaying straw sample produced chains of 
spores, which is designated now as Streptomyces. The other 
culture recognized as Thermoactinomyces vulgaris, formed round 
spores borne terminally or laterally on hypha and was believed to 
be widely distributed in nature. The organism was later classified 
as Micromonospora vulgaris (Waksman et al., 1939). The 
M.vulgaris grew at 48-60°C, the optimum temperature for the 
growth being 57°C whereas no growth occurred at 70°C. Henssen 
(1957) developed several methods for isolation and cultivation of 
thermophilic actinomycetes and discovered several new genera and 
species of Thermoactinomycetes. 
According to the classification based on chemotaxonomy and 
numerical taxonomy, actinomycetes are placed under order 
actinomycetales, which is divided into eight aggregate groups 
(Goodfellow and Cross, 1984). Four of the groups are: (I) 
Streptomycetes, (II) Maduramycetes, (III) Micropolysporas and 
(IV) Thermomonosporas, which includes thermophilic 
actinomycetes. Actinomycetes have also been classified on the 
basis of spores produced on mycelium, and therefore, two groups, 
namely monosporic thermophiles and polysporic thermophiles 
have been recognized (McCarthy, 1985). The monosporic 
thermophiles included Saccharomonospora, Thermomonospora and 
Thermoactinomyces whereas Micropolyspora, Streptomyces and 
Actinomadura formed the polysporic thermophilic group. 
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Thermoactinomyces 
The genus Thermoactinomyces first described by Tsiklinsky 
(1899), is spore producing and can survive a temperature of 100°C 
for 20 min. Several species of Thermoactinomyces are thermophilic 
aerobes and characteristically possess single spore on both substrate 
and aerial hyphae. The presence of single spore led the type species 
to be erroneously classified with the mesophilic Micromonospora 
for many years (Carboz et al., 1963). The controversy was not 
resolved until it was shown that the spores of Thermoactinomyces 
are typical endospores and quite different from the spores produced 
by other actinomycetes (Cross, 1968; Dorokhova et al., 1970). The 
spores contain dipicolinic acid (DPA) and are structurally similar to 
endospores of bacteria and are heat resistant upto 90°C for 30 min. 
(Lacey and Vince, 1971). The resistance to higher temperature 
differentiates Thermoactinomyces from other spore producing 
actinomycetes. The lower G+C content and 16S rRNA 
oligonucleotide sequence of Thermoactinomyces resemble to those 
of Bacillus, and, therefore, both are closely related. T.vulgaris 
isolated by Tsiklinsky (1899) is a gram positive organism whose 
cell wall contains mesodiaminopimelic acid, lacks sugars like 
arabinose, madurose and xylose (Lechevalier et al., 1971). 
Thermoactinomyces vulgaris and T.thalpophilus were 
considered as synonyms by Kuster and Locci (1963). T.vulgaris 
produced no endospores and were sessile. T.vulgaris did not 
utilize starch (Kou and Hertmam, 1967). The amylase producing 
and non-producing isolates were placed into two species which 
differed in their ability to degrade tyrosine, arbutin, chitin and 
esculin (Kurup et al., 1975). The amylase producer was named as 
T.vulgaris whereas non-amylase producer as T.candidus which 
also produced spores on short sporophores. Consequently, it was 
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agreed that Kurup's concept of T.vulgaris corresponds to 
T.thalpophilus (Lacey and Cross, 1989) and T.candidus is identical 
to Tsikinsky's concept of T.vulgaris. 
Thermomonospora 
The generic name Thermomonospora was proposed by 
Henssen (1957) for certain thermophilic actinomycetes species 
which she found in rotten cow and sheep dung. The isolated 
strains differed from mesophilic monosporic genus 
Micromonospora, which characteristically lacks aerial mycelium. 
Henssen suggested the specific name, fusca to a common 
thermophilic actinomycete which she isolated from high 
temperature compost and placed in the genus Thermomonospora, 
because of their ability to form spores on the aerial mycelium. 
T.fusca was later on isolated in pure culture and was described in 
detail by Crawford and Gonda (1977). 
A comprehensive numerical taxonomic survey of 
Thermomonospora and related organisms were done by McCarthy 
and Cross (1984). T.curvata was included in this genus while 
T.alba of the same genus was termed as "white Thermomonospora 
group" because of their white aerial mycelium. A reddish brown 
pigment producing colonies recognized as T.chromogena was 
included in this genus because of the similarity in the cell wall 
composition and morphology. The chemical analysis of 
T.chromogena and T.mesophila, however, supported their transfer 
to a revised genus, Microtetraspora (Kroppensted et al, 1990). 
The morphology and natural habitat of Thermomonospora 
resemble to Thermoactinomyces to a greater extent, but the 
presence of endospores in Thermoactinomyces separates it from 
Thermomonospora and a few commonly found monosporic 
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actinomycetes. Thermophilic Thermomonospora are found in over 
heated substrates such as bagasse, compost, fodder and manures. 
They are, however, abundant in mushroom compost and are highly 
cellulolytic (McCarthy and Cross 1984; McCarthy, 1987). 
Recently, Zhang et al. (1998) using phylogenetic, chemotaxonomic 
and phenotypic studies have reclassified the Thermomonospora 
and Microtetraspora, where they proposed the transfer of the 
genus Thermomonospora fusca and T.alba to a new genus 
Thermobifida gen. nov. which belongs to the family, 
Nocardiobsaceae, as Thermobifida fusca comb.nov. and 
Thermobifida alba comb.nov. 
Saccharomonospora 
The species Saccharomonospora viridis was classified in the 
genus Thermomonospora by Kuster and Locci (1963). This genus 
possesses type III cell wall except for the species 
Thermomonospora viridis which exhibits type IV cell wall. It 
produces predominantly single spore on aerial hyphae. Spores are 
heat sensitive, non-motile, either sessile or formed at the tip of 
simple unbranched sporophores. On the agar media, a branched 
vegetative mycelium forms leathery colony, usually covered with 
aerial mycelium and spores remain densely packed with the 
hyphae. The aerial mycelium is initially white which later on 
becomes grey green to dark green or bluish green. At the later 
stages of growth, pigmentation diffuses into the surrounding 
medium. They do not show activity against cellulose where as 
casein, gelatin, starch, xylan and tyrosine are degraded. 
Saccharopolyspora 
The genus was first described by Lechevalier et al. (1961) 
and produces short chain of spores both on substrate and aerial 
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mycelia. Cell wall of Micropolyspora contains, alanine, glutamic 
acid, glucosamine, arabinose and galactose. The presence of 
mycolic acids in M.brevicatena and M.fascifera and the absence of 
mycolic acid in M.faeni and M.rectivirgula indicates heterogeneity 
among the species. The characteristics of M.faeni and 
M.rectivirgula have been fully described and clearly conform to 
the definition of genus Micropolyspora (Cross and Goodfellow, 
1973). The difference however, between species was confirmed by 
Collin et al. (1988) who found menaquinones compound in M.faeni 
as found in Streptomyces while M.brevicatena had a mixture of 
tetrahydromenaquinones with six and eight isopyrene units like in 
Nocardia. 
The epithet, rectivirgula was first published by Krasilnikov 
and Agre (1964) for the species of Thermopolyspora. Prauser and 
Momirova (1970) proposed the transfer of Thermopolyspora to 
Micropolyspora. Another epithet proposed was faeni as species of 
Thermopolyspora by Cross (1968) for the isolates that were 
obtained from hay samples. Micropolyspora rectivirgula and 
M.faeni had no differences in their morphology, physiology, 
immunological characteristics and susceptibility to phages 
(Dorakhova et al., 1970). Detailed taxonomic studies by Kurup 
(1981) confirmed that these two species represent a single taxon. 
According to the International Code of Nomenclature of 
Bacteria (Lopage et al., 1975), when two taxa of the same rank are 
united, the oldest legitimate name should be retained. The type 
species of Micropolyspora is now therefore, known as Nocardia 
brevicatena. Kurup and Agre (1983) proposed a new genus Feania 
to replace Micropolyspora rectivirgula by Faenia rectivirgula 
which was later on accepted. Saccharopolyspora rectivirgula was 
reclasified as Faeni rectivirgula by Korn-Wendish et al. (1989). 
9 
Faeni rectivirgula is commonly found in fodder, grains, sugarcane 
bagasse and soil. 
2.2 Thermophilic actinomycetes in Environment 
Thermophilic actinomycetes undergo an interesting cycle in 
nature with regard to their dispersal and growth. They grow 
at sites of high temperature, such as, in compost, manure heaps 
and self-heating hay or grain. The vegetative phase ends with the 
formation of large number of spores, which returns to the field and 
pastures and contaminates soil directly or through soil dust, plant 
materials and hay. While passing through the intestinal tract of 
animals, spores survive and remain inactive but viable. 
2.2.1 Manure and Compost 
Natural manures which do not undergo self-heating process 
can not be excepted to harbour rich flora of mesophilic organisms. 
However, if such a process takes place, thermophilic 
actinomycetes become predominant. Activities of the mesophilic 
species raise the temperature above 40°C and develops humid 
conditions favourable for the growth of thermophilic 
actinomycetes and fungi (Lacey, 1973). The mushroom composts 
are usually made of straw-rich horse manure, wheat straw and 
chicken manure. After pasteurization, the mushroom compost is 
inoculated with Agaricus bisporus and is allowed to incubate at 
45-50°C for 4 to 8 days during which thermophilic actinomycetes 
and moulds develop in large quantities. The isolation of 
thermophilic actinomycetes from such substrates by spreading 
dilutions on plates of non-selective nutrient medium is a tedious 
job, especially when the number of thermophilic actinomycetes are 
low. Thermomonospora chromogena was isolated by McCarthy and 
Cross (1981) from mushroom compost by spreading diluted 
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suspension of compost on agar media containing selective agent, 
kanamycin (25 fa,g/ml). The selective kanamycin not only 
suppresses the growth of other thermophilic actinomycetes but 
also reduces the growth of associated bacteria. The air released 
from the fermentation tunnel during spawning of mushroom 
compost collected by Burkard spore strap slide sampler by Bogart 
et al. (1993) showed 4.6 ± 3.2xl05 spores per liter of air of 
actinomycetes while the fungal spores count was low. The 
isolation of Thermomonospora curvata, T.fusca and T.alba from 
the mushroom tunnel indicated their involvement in the etiology of 
Mushroom worker's lung (MWL). The spores of Agaricus used for 
spawning is also considered as a causative agent in Mushroom 
worker's lung (Matsui et al., 1992). Thermophilic actinomycetes 
from manure heaps have been the subject of extensive studies 
since Henssen (1957) reported the presence of Thermomonospora 
in rotten cow and sheep dung. 
The cellulolytic actinomycetes present in soil or manure 
samples were isolated by enriching the medium with finely cut 
pieces of whatman No. 1 filter paper in 10 ml of sterilized water in 
tightly plugged flasks followed by incubation at 55°C. The species 
were later identified by Hussein et al., (1996). The cellulolytic 
thermophilic strains of actinomycetes were also isolated from 
waste and mushroom composts in Germany (Korn-Wendisch et al., 
1995). They had type III cell wall and phospholipid was of type 
PIT Mycolic acid was however, not present. The chemotaxonomic 
markers indicated that these organisms represented a new genera 
of the order actinomycetales, for which the name Thermocrispum 
was proposed. Actinomycetes isolated from horse manure included 
Thermomonospora fusca, T.alba and Micromonospora spp. The 
isolated species of thermophilic actinomycetes hydrolyzed xylan, 
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gelatin and Tween-80. The organisms grew in straw and increased 
temperature from 27°C to 63°C during biodegradation activity. The 
rise in temperature helps in eradicating the phytopathogenic 
organisms in the compost plant residues (Kukolya and Hornok, 
1997). More than hundred cultures of TAs belonging to six species 
namely F.rectivirgula, S.viridis, T.thalpophilus, T. vulgaris, 
S.thermoviolaceus and T.curvata have been isolated from 76 
different samples of municipal solid waste and were analysed for 
their colony characters as well as the biochemical reactions 
(Agarwal et al., 1997). 
2.2.2 Actinomycetes in soil 
Actinomycetes are very common in soil and actively degrade 
complex polymers such as cellulose and chitin (Okolo et al., 
1996; Hussein et al, 1996; Fett et al, 2000). The isolation and 
evaluation of population density in the soil has conveniently been 
performed by dilution plate method. The actinomycetes in soil 
ranged between 10-50% of the total microbial colonies including 
thermophilic actinomycetes. Humus and pH (6.5-7.0) showed 
positive influence on the growth of actinomycetes. 
Saccharomonospora was most frequent in relatively humus-poor 
alkaline soil (pH 7-7.5) (Kawa et al., 1988). However, Li-Hua et 
a/.(1996) observed upto 90% actinomycetal diversity in soils of 
Yunnan , China. The distribution of actinomycetes in soil is also 
affected by pedological factors like depth, type of soil and the 
quantity and quality of organic matter (Sabaou et al., 1992). The 
growth and germination of endospores of actinomycetes is also 
greatly affected by the moisture content of the soil along with 
organic carbon, nitrogen (N), pH and temperature of the soil 
(Babich et al., 1996). Sand silt loam soil and silt clay loam soil 
inoculated with T.thalpophilus showed more recovery in silt clay 
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loam soil with a moisture content ranging from 5-50% (w/w) at 30 
to 40°C. Addition of sterilized farm yard manure in sand silt loam 
further improved the growth of actinomycetes with a significant 
increase in organic carbon and N content of soil (Jackson and Ball, 
1998). Organic matter rich soil in Qatar yielded Thermoactino-
myces sp. including T.vulgaris, T.thalpophilus, T.putidus and 
T.sacchari. The optimum temperature for germination was found 
to be 55°C with pH 7.5-8.5 (Shoreit, 1992). In Egypt, Ammer et al. 
(1988), selected the desert of Aswan to see the effect of seasonal 
variation on the population of thermophilic actinomycetes in soil. 
The highest actinomycetes count were recorded during summer 
followed by spring. The humid condition of spring probably 
favoured the growth of thermophilic actinomycetes and in Autumn 
and winter, actinomycetes counts was low probably due to dry and 
low temperature. T.thalpophilus and S.viridis were isolated from 
soils of Vietnam and Japan and were found to exhibit amylase 
activity (Mai et al, 1992; Takashashi et al, 1992). These 
naturally occurring actinomycetes in the soil showed fungistatic 
property which was negatively influenced by indiscriminate use of 
pesticides in agricultural practices. The negative effect of 
pesticides can be removed by amending the soil with organic 
matter (Pedziwilk, 1995). 
2.2.3 Actinomycetes in water 
The spores of actinomycetes enters rivers and lakes through 
soil and settles in marine sediments. The endospores of 
Thermoactinomyces exhibit extreme longevity and remain viable 
for hundred of years in dry soil and sediments of cold anaerobic 
lakes (Unsworth et al, 1977). River water when stored in reservoir 
showed a rapid decline in the number of Streptomycetes but the 
number of Micromonospora remain fairly constant for longer 
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period of time in fresh water (Burman, 1973). The settled spores in 
deep mud and sediment samples at the depth of 4,400 m were 
studied by Attwell (1973), where the spores of Thermoactinomyces 
species were predominant in all the samples. Micromonospora and 
Streptomyces dominated the lake sediment of middle plateau of 
Yunnan (Jiang and Li-Hua , 1996). It has been established that 
lake sediment harbour oldest endospores belonging to 
Thermoactinomyces and Clostridia spp. The recovery of 
Thermoactinomyces species from deep sea-sediments from Japan 
indicated the movement of terrestrial material into deep ocean 
(Colquhoun et al., 1998). Recently, their presence in a covered 
and heated swimming pool was observed by Moreno et al. (1997) 
who confirmed their involvement in allergic response of patients 
who were the regular member of the swimming pool. The patients 
developed precipitin response against Neurospora spp. and 
Micropolyspora faeni isolated from the water of swimming pool. 
2.2.4 Fodder, Hay and grain 
Different agro-industrial environment dealing with moldy 
materials like hay, grain, cotton, cereal crops and bagasse 
harbours significant number of culturable microbial population. 
The waste of these substrates after processing of agricultural 
product possess the mixture of sugars, proteins, fats, cellulose, 
lignin, pectin and chitin. According to Mishra and Upadhyay 
(1998), plant materials alone, contain 28-49.3% of cellulose, 22-
50% of hemicellulose and 13-35% of lignin which provides the 
best source of energy for the decomposing microorganisms. 
Therefore, in farm houses, hay and grains get contaminated by a 
wide range of decomposing actinomycetes through soil, compost 
and dust. 
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The process of self-heating and moisture content of hay or 
fodder favours the development of particular microorganisms. 
Moisture content of the hay samples (25-30%) results in 
temperature increase up to 45-50°C and therefore, favours the 
growth of some Streptomyces species. When temperature rises up 
to 60 to 70°C, Streptomyces are replaced by thermophilic 
actinomycetes of other genera (Festenstein, et al., 1965). During 
storage of moist wheat or corn grain, self heating takes place and 
several thermophilic actinomycetes develop, mostly on the surface 
of the silage because surfaces are usually exposed to the air and 
absorbs moisture (Dutkiewicz et al., 1989). T.vulgaris and 
F.rectivirgula were commonly isolated from the stored hay and 
grain samples in farm houses of Finland (Kotimma et al., 1987). 
Stored fodder (hay and grain) in 34 dairy farms in France 
showed the presence of Streptomyces and Aspergillus spp. The 
colonies were fewer on Petriplates exposed to farm environment 
with bran drying system than those detected through traditional 
storage system. However, drying of fodder before storage helped 
in preventing the molding of material in large scale (Dalphin et 
al., 1991). The contaminated organic dust from hay, silage and 
grain contains a considerable population of thermophilic 
actinomycetes. Lacey (1973) isolated S.viridis and F.rectivirgula 
from straw samples, the population density being 14% and 42% 
respectively. In some other studies, F.rectivirgula have been found 
as a dominating species in dairy farms (Brummund et al., 1988), 
where hay probably was believed to be a preferential substrate for 
the growth of F.rectivirgula (Ranalli et al., 1999). 
During an investigation of settled dust from rice and wheat 
straw processing units in Shanghai, China, the level of microbial 
contamination was found greater in hay dust than in rice dust 
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samples. The species isolated were Aspergillus, Cladosporium, 
Penicillium and Trichospora (Shen et al., 1991). Rice husk 
samples collected from rice mills of Punjab, yielded T.candidus in 
32% of the 112 samples followed by S.viridis (31.2%), T.vulgaris 
(8.7%) and T.fusca (4.4%) (Singh et al., 1991). T.fusca is known 
for solubilizing lignin present in rice or wheat straw to sustain its 
growth (Trigo and Ball, 1994). T.vulgaris was reported as a 
commonest species of thermophilic actinomycetes obtained from 
rice straw samples in north western India as demonstrated by 
Gangwar et al., (1989). They also found largest populations of 
T.thalpophilus in paddy straw and a high concentration of 
F.rectivirgula in hay samples. T.sacchari was common in 
sugarcane bagasse samples. The presence of T.sacchari in 
sugarcane mill environment was reported by Boiran et al. (1988) 
explaining its association with bagasse where bagasse provided 
most favourable substrate for the growth of T.sacchari . Bagasse 
have also been used as a sole carbon source by Thermomonospora 
curvata which posses an enhanced extracellular enzyme producing 
ability (Stutzenberger, 1994). Khan et al. (1995) noted T.sacchari 
and S.viridis as the major species present in bagasse handling 
workers. 
The allergic species of thermophilic actinomycetes were 
isolated from vegetative substrate samples from Anambra and 
Enugu state of Nigeria. T.vulgaris and T.thalpophilus were found 
in rice straw, Saccharopolyspora rectivirgula (F.rectivirgula) in 
hay and T.sacchari in maize silage (Unaogu et al., 1994). The 
prevalence of clinically important thermophilic actinomycetes in 
agro-environment suggests that the workers exposed to these 
actinomycetes may develop farmer's lung disease. 
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2.3 Aerial prevalence of thermophilic actinomycetes 
Organic substrates in agro-environment and industries 
usually get molded while they remain in field or during storage 
(Caroline et al., 1995) The decomposing microorganisms on 
different vegetative substrates can easily be detached by 
disturbance of substrate or through air movement. The association 
of clinically important airborne thermophilic actinomycetes in 
agro-environment are considered to be responsible for respiratory 
disorder in workers. Farm houses storing hay and grains have 
dusty environment carrying high spore density of T.vulgaris, 
F.rectivirgula and Aspergillus umbrosus, which causes respiratory 
problems in farmers (Kotimaa et al., 1987). 
Saw dust and rice husk based litter in poultry farms are also 
the source of clinically important thermophilic actinomycetes. 
Therefore, airborne T.vulgaris, S.viridis and F. rectivirgula were 
isolated from the sites with decomposing rice husk litter near 
poultry sheds (Gangwar et al., 1989). Dairy farm environment 
have also been found dominated by S.viridis whereas lower count 
of T.vulgaris, T.thalpophilus and F. rectivirgula were noted in 
area of fodder storage by Dalphin et al. (1991). They used five 
stage Anderson sampler for surveying 34 dairy farms in France. 
Genera like Streptomyces and Aspergillus were frequently 
encountered. Farms with bran drying system showed greater 
frequency of actinomycetes than in the traditional storage system. 
The workers exposed to the dried fodder system showed less acute 
symptoms like dry cough, asthmatic symptoms and irritation of 
eyes in comparison to the workers of traditional storage system 
indicating that fodder drying in farms might have protected them 
from farmer's lung disease (Dalphin et al., 1994). 
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Straw, grain and other feeding materials in stables posses 
highest load of respirable particles which contains thermophilic 
actinomycetes (Clarke and Madelin, 1987). Clinically important 
thermophilic actinomycetes in the air and hay samples were 
investigated from the environment of affected equines by Gangwar 
et al. (1989). During stabling period, equines get exposed to 
microorganisms growing on hay, which provide a favourable 
atmosphere for their growth. Highly respirable particles released 
hay was found to contain spores of thermophilic actinomycetes 
and fungi (Clarke and Madelin, 1987). Therefore, exposure to the 
molding hay has been considered as the important cause of chronic 
obstructive pulmonary disease (COPD) in equines. These allergic 
respiratory diseases were also demonstrated by precipitating 
antibodies against F.rectivirgula in the sera of equines, where 78% 
equines showed respiratory problems (Khan et al., 1985). 
Subsequently precipitins against thermophilic actinomycetes in 
horses were also demonstrated by Madelin et al. (1991) from an 
English racing stable. In the susceptible horses, neutrophils invade 
the lung and accumulate in the lumen of airways, particularly 
bronchioles (Robinson et al., 1995). 
The stable workers exposed to moulds are also at risk of 
developing hypersensitivity reactions. An l lyear old girl, after a 
brief exposure to horse stable environment at riding school, 
Denmark, exhibited symptoms of farmer's lung disease 
(Kristansen and Lohez, 1991). These hypersensitivity reactions are 
of great concern for veterinary practitioners as well as physicians 
dealing with respiratory diseases. Therefore, to evaluate health 
hazards for workers in swine confinement building, Donham et al. 
(1986) used 37 mm cassette filter for trapping aerosols, which 
yielded mean total aerosol of 6.3 n-g/nr and mean respirable 
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aerosol of 0.5 jig/m3 of air sucked, containing grain particles and 
faecal matter. The settled dust culture showed highest count of 
Verticillium spp. (5x 102 cfu/mg). In a similar study, airborne 
microorganisms in pig farms were observed by Crook et al., 
(1991) ranging from 10 to 10 cfu/nr of air. The predominant 
organisms were bacteria with a few fungi and thermophilic 
actinomycetes due to which workers showed respiratory symptoms, 
chest tightness and wheezing with nasal and eye irritation. The 
cow houses in Finland showed airborne viable spores of 
thermotolerant fungi and thermophilic actinomycetes. High 
concentration of ammonia and carbon dioxide between 2.8-15 ppm 
and 2200-3200 ppm respectively were found in traditional cow 
houses. Where as, modern cubicle cow houses provided a better 
working environment with regard to airborne hazards (Lauhelainen 
et a/.,1997). 
Aerial prevalence of thermophilic actinomycetes in cotton 
mill was noted by Lacey and Lacey in 1987,where he isolated 
T.vulgaris, F.rectivirgula and S.viridis from cotton mill 
environment. Gangwar et al. (1989) found T.vulgaris as prevalent 
species in all the sections of a cotton mill near Delhi, India. 
Similarly agro-based industries like sugarcane mill harbour 
clinically important thermophilic actinomycetes, where bagasse 
provides the sole carbon source for the growth of thermophilic 
actinomycetes especially T.sacchari (Boiran et al., 1988; Khan et 
al., 1995). The domestic waste contain high concentration of 
airborne dust, bacteria and fungal spores where workers involved 
in manual sorting of unseperated domestic wastes experiences 
symptoms like asthma, eye irritation, cough etc. (Paulsen et al., 
1995). The air-spore concentration of thermophilic actinomycetes 
was high in crowded area of Cairo city than in the quieter 
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residential areas, where Diab and Khalid (1991) identified 
S.viridis, T.vulgaris and F.rectivirgula. These pathogenic species 
were also found in the air samples collected from a composting 
sites, located in the district of Graz, Austria (Haas et al., 1999). 
2.4 Antibiotic sensitivity 
Thermophilic actinomycetes usually forms a significant 
component of the microbes in natural substrates which grow at a 
temperature above 50°C. The mouldy fodder, hay, grain and 
compost of natural plant materials are the substrates, from where 
the isolation of TAs is not an easy job. The spreading of serially 
diluted substrates on plate of non-selective nutrient media can be 
frustrated by the rapid growth of thermophilic bacteria and fungi 
which provide intense competition on the surface of isolation 
plates. However, when the number of TAs to be isolated are low, 
then it becomes necessary to use selective agents, which can be 
incorporated into isolation media to reduce the growth of certain 
undesirable microorganisms. Antibiotics, therefore, have been 
proved greatly effective in the isolation of thermophilic 
actinomycetes. Cycloheximide or polyenes have been used 
routinely to suppress fungal growth on plates containing 
actinomycetes and the addition of novobiocin has provided a 
highly selective medium for the isolation and enumeration of 
member of the genus Thermoactinomyces (Cross, 1968). 
Novobiocin (25 ng/ml) when added to the medium inhibits the 
growth of all the associated bacteria capable of growth at 50°C, 
whereas, cycloheximide or nystatin (50 fig/ml) in a suitable 
medium suppresses the growth of fungi. McCarthy and Cross 
(1981), isolated Thermomonospora chromogena from mushroom 
compost by spreading diluted suspensions on an agar medium 
containing kanamycin (25 jj,g/ml). The antibacterial drug 
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prevented the growth of other thermophilic actinomycetes on 
media incubated at 50°C and significantly reduced the growth of 
associated bacteria as well. Whereas sodium chloride and 
hippurate was used to isolate selectively S.rectivirgula by Mc 
Carthy (1985) and rifampicin was used to improve the recovery of 
S.viridis (Athalye et al., 1981). 
The clinically important thermophilic actinomycetes causing 
human actinomycetoma in Eastern India includes the species of 
Nocardia and Streptomyces. Most of these bacteria are 
therapeutically curable by sulfonamide, cotrimoxazole, 
erythromycin, streptomycin, ampicillin and tetracycline (Williams 
et al., 1989). The in vitro susceptibility testing of actinomycetes is 
however, often hampered by the slow and clumpy growth (in 
broths) of the organisms. However, Chaudhuri et al. (1997) 
studied both agar dilution and disc diffusion method and found 
both methods equally effective in detecting the sensitivity patterns 
of Nocardia isolates. The isolates were found sensitive to 
amikacin and ciprofloxacin. Therefore, the standardized 
susceptibility of actinomycetes to different antibiotic is necessary 
to ensure the selective isolation of particular species of 
actinomycetes which will help further to formulate guidelines for 
therapy of disease caused by actinomycetes. 
2.5 Clinical manifestation of Hypersensitivity pneumonitis 
Clinical description of farmer's lung disease was first 
recognized by Campbell (1932) as a peculiar respiratory illness in 
English farmers, which he attributed to white moulds present on 
hay and grain. Fuller (1953) recognized three different phases of 
farmer's lung disease. Phase 1, included cases with mild attack 
lasting only 1 to 3 days; phase 2 was characterized by recurring 
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episodes with increasing dyspnoea, cough and characteristic 
radiograph. Recovery from phase 1 and 2 could be achieved if 
exposure is avoided, while phase 3 was characterized by 
irreversible lung changes caused by exposure over a period of 
many years. Subsequently, Frank (1958) reviewed 127 cases of 
farmer's lung disease and suggested that it is a hypersensitive 
condition which develops as a result of repeated inhalation of the 
organic dust. The first steroid therapy in a patient of farmer's lung 
disease used by Cooper (1961) resulted in complete remission. 
This also provided as indirect evidence that lung disease is an 
immunological inflammatory disease. 
Realizing the growing importance of the occupational nature 
of the farmer's lung disease, the British ministry of agriculture 
issued a warning advising farmers to wear an efficient face mask 
while handling moldy hay or corn. The importance of such a 
preventive measure was also highlighted in an editorial in British 
Medical Journal (1961). A significant advancement in the 
laboratory diagnosis of farmer's lung disease occurred when Pepys 
et al. (1965) used agar gel diffusion test for detection of 
antibodies in patient's sera against antigen of moldy hay. The 
inhalation challenge with culture filtrate extracts of hay and fungi 
in patients with farmer's lung were characterized by delay type of 
hypersensitivity reactions (Williams, 1963). He concluded that 
inhalation test with moldy hay extract were of value in diagnosis 
of farmer's lung. Lacey and Lacey (1964) estimated that a person 
would inhale about three quarter of a million spores per minute 
while handling moldy hay in farm buildings. This led to the 
assumption that it is the massive exposure to spores which result 
in the development of farmer's lung disease. 
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2.6 Incidence of Hypersensitivity pneumonitis 
The occurrence of farmer's lung disease and other forms of 
hypersensitivity pneumonitis is more common (Kryda and 
Emanuel, 1986). Most of the studies on farmer's lung have been 
carried out in the Great Britain and Scandinavian countries and a 
few has been reported from U.S.A. and other parts of the world. 
Stains and Forhman (1961) reported an incidence of 193 cases per 
100,000 farming population in Wales, 0.073% cases in south west 
England and 0.072% in east England. It was speculated that about 
1000 new cases of farmer's lung occur in England every year. The 
highest incidence of the disease occurred in males due to 
occupational exposure. Though it has also been reported in women 
(Homma et al., 1986; Depierre et al., 1988). A 62 year old farmer 
woman from northern east, a very rainy part of Turkey, was 
reported with respiratory distress for over 20 years. This allergic 
alveolitis was caused by moldy hazelnut leaves (Erakan et al., 
1992). A brief exposure to the air borne molds in a riding school 
led to the development of farmer's lung disease in a small girl in 
Denmark (Kristianssen and Lohaz, 1991). However, the population 
of young students in farming college in the state Tyrol, Austria, 
showed precipitin reactions against F. rectivirgula with a history 
of asthma in some of them (Prior et al., 1996) indicating that even 
young age groups showed a clear relationship between allergic 
sensitization and allergen exposure. 
In a comprehensive study in Scotland, Grant et al. (1972) 
recorded the prevalence of farmer's lung symptoms as 8.7% in 
west and 2.3% in east of the country. Terho et al. (1980) reported 
50 cases of farmer's lung disease per 100,000 in Finnish farmers. 
There were however, differences in the incidence based on rainfall 
and subsequent drying of hay. In a study from north Italy, 2.7% of 
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2932 agricultural workers reported symptoms suggestive of 
farmer's lung disease (Saia et al., 1984). The investigation of 512 
Swedish farmers from an area where grain was prominent crop, 
revealed that 19% population had febrile reactions from grain dust 
exposure and yearly incidence of allergic alveolitis was 2-3/10,000 
of farmers (Malmberg et al., 1985, 1988). It was inferred that 
many symptomatic farmers had a syndrome due to grain dust 
rather than hay in farmer's lung disease. 
In the U.S.A., the incidence pattern of the disease appears 
similar to that found in England. There is much greater likelihood 
of farmer's lung in winter following a hot summer with heavy rain 
when farmers feed the moldy forage to livestock (Emanuel and 
Kryda, 1983). Several reports from U.S.A. have indicated the 
prevalence of antibodies to antigens associated with farmer's lung 
disease (Marx et al., 1978). The precipitin reactions to antigens of 
thermophilic actinomycetes among 124 dairy farmers in 
Vermont,US A were precipitin positive to M. feana (5.4%) and 
T.vulgaris (1.2%) in the suspected farmer's lung patients (Cormier 
et al., 1985, 1986). An investigation by Marcer et al., (1983) from 
Northern Italy, observed that 36 farmers showed clinical history of 
farmer's lung and 39 reported attacks of breathlessness which was 
associated with fever, after exposure to moldy hay. For the 
diagnosis of farmers lung, skin tests with hay extract were used by 
Edward et al., (1981). The clinical findings by Gangwar et al. 
(1991) suspected the farmer's lung in dairy herd workers. 
Subsequently the precipitating antibodies against T.sacchari was 
found in workers exposed to sugarcane mill environment which 
suggested the prevalence of this organism in the agro-environment 
(Khan et al., 1995). 
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The FLD surveys in farming populations revealed that the 
prevalence of FLD ranged between 25 and 85 per 1000 individuals 
in Europe and between 4 to 30 per 1000 subjects in U.S.A.(Fink, 
1987). The difference in prevalence rates of FLD reflect the 
difference in farming practices including crop cultivation, storage 
facilities, molding of hay and clinical awareness. Recently, Von 
Ehrenstein et al. (2000) reported that exposure to livestock and 
other environmental factors are the risk of the hay fever and 
asthma among children of farmers. 
2.7 Etiology of hypersensitivity pneumonitis 
Thermophilic actinomycetes incriminated in the etiology of 
farmer's lung disease (FLD) includes, F.rectivirgula, T. 
thalpophilus, T.vulgaris and S.viridis (Pepys, 1969). 
T.thalpophilus and T.sacchari have been found as the causal 
organism of bagassosis (Lacey, 1971). Mushroom worker 's lung 
(MWL) were found to be associated with the spores of fungi and 
thermophilic actinomycetes prevalent in the mushroom composts. 
The thermophilic actinomycetes in mushroom composts included, 
Thermomonospora fusca, T.alba, T.curvata and Thermocrispum 
spp. (Bogart et al., 1993; Korn-Wendisch et al., 1995). Different 
forms of hypersensitivity pneumonitis are usually named 
according to the environment in which they occur or source of 
antigen where they are found. 
Temporal relationship between symptoms and certain 
activities such as working with hay, bagasse and particular hobby 
or occupation exists which may produce a clue to the disease 
(Terho et al., 1987; Depierre et al., 1988). The remission of 
symptoms during the extended removal from the source of antigen 
supports the diagnosis. The various types and source of 
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thermophilic actinomycetes associated with hypersensitivity 
pneumonitis (HP) is listed in Table I. The major forms of HP are 
briefly described in the present review. 
Tab!e-1 Thermophilic actinomycetes causing hypersensitivity 
pneumonitis 

























and humidification System induced 
systems. pneumonitis 
2.7.1 Farmer's lung disease (FLD) 
FLD is the most common forms of HP caused by inhalation 
of moldy hay contaminated with thermophilic actinomycetes and 
fungal spores (Pepys, 1969). Moist hay stacking or moist grain 
storage undergoes fermentation and therefore lead to the elevation 
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of the temperature. The raised temperature thus, selectively 
promotes the growth of thermophilic actinomycetes and fungi 
(Kotimma et al., 1987). Repeated inhalation of spores of these 
actinomycetes may lead to the development of FLD in susceptible 
individuals. The organisms responsible for the farmer's lung 
disease are, F.rectivirgula, T.thalpophilus, T.vulgaris and S.viridis 
(Gangwar et al., 1991; Gaur et al., 1992). A new thermophilic 
species named Streptomyces hygroscopicus isolated from haystack, 
moldy hay is also one of the causative agent of farmer's lung 
disease and is prevalent in Hubei and Shanghai, China (Lu et al., 
1991). Cattle and equines also develop a condition similar to 
farmer's lung disease during winter when they are confined to 
stable and exposed to moldy hay (Khan et al., 1985; Robinson et 
al, 1995). 
2.7.2 Bagassosis 
Bagassosis results following prolonged inhalation of dried 
sugarcane fiber dust. Sugarcane waste after extracting the juice 
when allowed to stand for a long time is known to promote the 
growth of thermophilic actinomycetes (Lacey, 1971). Salvaggio et 
al. (1969) employed extracts of fresh and moldy bagasse samples 
for the detection of precipitin reactions in the sera of bagasse 
affected workers. More precipitins were recorded in bagasse 
affected workers than unaffected ones. They also demonstrated 
more precipitins against T.vulgaris in bagasse affected subjects. 
Thermoactinomyces sacchari was believed to be the main 
thermophilic actinomycetes present in bagasse and caused the 
acute respiratory illness (Lacey, 1971). This disease is similar to 
farmer's lung disease and antibodies against T.sacchari has been 
reported in sera of patients (Salvaggio et al., 1969). Recently, 
precipitins against T. sacchari and F.rectivirgula were 
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demonstrated in the sera of sugar mill workers in India (Khan et 
al., 1995). These organisms are suggested to be involved in 
sensitization of the bagasse workers leading to bagassosis. 
2.7.3 Mushroom Worker's Lung (MWL) 
In United Kingdom, the term mushroom worker 's lung was 
introduced for the first time by Sakula (1967), where he described 
the clinical similarities of MWL with farmer's lung disease. 
Mushroom compost is known to harbour a variety of thermophilic 
actinomycetes namely, F.rectivirgula, T.thalpophilus and 
T. vulgaris (Pepys, 1973). Spawning of mushrooms and 
mechanical agitation of compost (open trays) leads to high 
concentration of airborne spores of these thermophilic organisms 
which lead to MWL and has been observed in U.K. and France 
(Jackson and Welch, 1970; Berruchon and Owry, 1981). Kleyn et 
al. (1981) tried to correlate the isolation from mushroom compost 
and the etiology of mushroom worker's lung. Since, their 
investigations did not show F.rectivirgula in the mushroom 
compost, it was questioned if this species is really an important 
etiological agent of MWL as widely believed. Philips et al. (1987) 
reported four cases of acute respiratory illness among workers of a 
factory in U.K where compost was being produced for mushroom 
cultivation. Specific IgG antibodies reactive to mushroom spores 
were recorded in the serum of a 38 year old woman, involved in 
mushroom cultivation. The spores of Agaricus bisporus were 
therefore suspected as the causative agent of MWL (Bogart et al., 
1993; Korn-Windisch et al. 1995). 
2.7.4 Ventilation system induced pneumonitis 
Hypersensitivity pneumonitis among workers of 
contaminated airconditioning and humidifier system was reported 
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by Banaszak et al. (1970). The disease caused by exposure to 
these systems are generally called as humidifier's lung (Sweet et 
al., 1971; Fink et al., 1976). The water of the humidifier remains 
warm and therefore, become grossly contaminated with a variety 
of microorganisms. In most cases, thermophilic actinomycetes and 
fungi were isolated from humidifier water as reported by Arow et 
al. (1978). Thermoactinomyces, Aspergillus, Cladosporium and 
Trichoderma have been isolated from air cooling system. Faeni 
rectivirgula was isolated from contaminated ventillation system 
of an office (Banaszak et al., 1970). Subsequently, Fink et al., 
(1971) described two additional cases of the disease 
demonstrating precipitins against F.rectivirgula and T.vulgaris. 
HP resulting from contaminated air conditioners and cooling 
humidification system of factories were reported by number of 
workers (Kumar et al., 1981; Friend et al., 1977 and Ganier et al., 
1980). The workers developed extrinsic allergic alveolitis in a 
printing press due to contaminated cold water of humidifier. The 
precipitins to the humidifier antigens were strongly positive in 
the suspected workers as shown by Robertson et al. (1987) and 
the lavage fluid from lung showed more than 70% lymphocyte in 
each case. Baur et al. (1988) used the tube immunoradiometric 
assay for detecting IgG in the sera of suspected patients against 
the extract of water humidifier system. They also isolated 
Alternaria tenius, Aureobasidium pullulans, Penicilluim noctatum 
and Aspergillus from water. 
The use of home ultrasonic humidifier has become 
widespread (Shiue et al., 1990; Volpe et al., 1991). The precipitin 
in the sera of five patients of HP against Candida albicans and 
Cephalosporium acremonium suggests that the home air condition 
is the main cause of humidifier fever (Suda et al., 1995). 
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2.8 Pathological findings 
In chronic stages of farmer's lung patients, pulmonary 
biopsies show damage in alveolar epithelium and results in fibrosis 
of the lung. In general, the granulomas are found, which composed 
of macrophages derived cells and are characterized by a clustering 
of the epitheloid cells (Reyes et al., 1982). Induction of alveolitis 
requires a coordinated interaction of alveolar macrophages and 
lymphocytes. However, there are numerous reports that alveolar 
macrophages exhibit low accessory function and are poor antigen 
presenting cells or even suppress T-cells activation (Fireman et al., 
1993; Yarbrough et al., 1994). In contrast, a granulomatous 
interstitial lung disease is of unknown origin in sarcodiosis where 
alveolar macrophages exhibit an increased ability to act as antigen 
presenting or accessory cells (Ina et al., 1990). Therefore, one can 
hypothesize that increased accessory function of alveolar 
macrophages is an immunobiological pre-requisite for granuloma 
formation (Gemot et al., 1997). Chest X-ray of a 35 year old 
farmer with complaints of productive cough and sputum showed 
reticulonodular shadows. He was found precipitin negative for 
M.faeni and biopsy specimen of right scalene lymph node showed 
epitheloid cell granulomas and spot-like calcification. 
2.9 Bronchoalveolar lavage (BAL) 
A number of interesting observations were made from 
investigation on BAL of hypersensitivity patients (Keller et al., 
1984; Cormier et al., 1985; 1986). The activated T-cells were 
observed in BAL fluid of patients with active disease, but not in 
exposed asymptomatic individuals. The activated T-cells are likely 
to be the consequence of on going local immune response but not a 
marker of disease activity on progression. The higher number of 
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total cells found in BAL fluid of farmer's lung patients suggests an 
earlier manifestation of intrestitial alveolitis (Koegh and Crystal, 
1982). Non-smokers of dairy farms in Stockholm were analyzed by 
Larsson et al. (1988) whose BAL had an elevated proportion of 
lymphocytes, fibronectin, angiotensin converting enzyme and 
albumin. Increased angiotensin converting enzyme in the 
concentrated BAL fluid probably originates in alveolar 
macrophages as reflected by their activation (Eklund et al., 1986). 
The high concentrations of fibronectin was noted by Larsson et al. 
(1988) in a 440 Kd glycoprotein of plasma while extracellular 
matrix was found in alveolar macrophages (Rennard et al., 1981). 
Fibronectin has chemotactic and stimulatory effect on 
fibroblast and thus affects the development of fibrosis in patients 
with interstitial lung diseases. The elevated albumin concentration 
in BAL fluid, however, indicates an increased alveolar capillary 
permeability (Eklund et al., 1986). Lymphocytosis and increased 
albumin concentrations have been reported in BAL fluid from 
asymptomatic farmers with no history of farmer's lung disease 
(Cormier et al, 1985, 1986). However, BAL test for the three 
subjects of extrinsic allergic alveolitis (EAA) showed more than 
70% of lymphocytes and were precipitin positive to the humidifier 
and antigens to which they were exposed in their printing press 
(Robertson et al., 1987). Hypersensitivity pneumonitis due to the 
inhalation of mushroom spores in an old women had symptoms of 
cough, nausea, malaise, leukocytosis and reduced lung volume. 
The alveolitis was demonstrated by transbronchial lung biopsy as 
well as increased lymphocytes in the bronchoalveolar cough, 
respiratory distress, intermittent fever and had developed the 
clinical sign of fibrosis of the lung with BAL showing 
predominance of CD-8 cells (Eklund et al., 1986). 
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In Japan, patients of hypersensitivity pneumonitis showed an 
increased lymphocytes, predominantly CD4+ in BAL. T-helper cell 
count (CD4) to suppressor T-cell count (CD8) ratio was also found 
significantly higher as compared to control (Suda et al., 1995). 
Schuyler and Edward (1996) demonstrated that CD4+la, T-cells are 
responsible for transfer of experimental hypersensitivity 
pneumonitis. Their model of adaptive transfer of experimental 
hypersensitivity pneumonitis was mice, sensitized to M.feani and 
their T-cells were injected into recipient mice. The recipient mice 
exhibited exaggerated pulmonary histological response when they 
were intratracheally challanged to M.faeni. The sensitive mice 
when exposed to S.rectivirgula for weeks, developed 
granulomatous inflammation with increased lung weight and 
lymphocytes in total bronchoalveolar cells as compared to 
resistant strains of mice. The sensitive strain had significantly 
greater antigen-induced IL-12 and IFN-y gene expression. 
Therefore, Gunnar et al. (1998) suggested that host factors are 
also important for expression of hypersensitivity pneumonitis. 
The histochemical examinations of the lung of patients 
suffering from hypersensitivity pneumonitis revealed the 
follicular area in Bronchus-associated lymphoid tissue (BALT). 
BALT, contains mainly B-cells while the parafollicular area is 
comprised of predominantly the T-cells. These cells proliferates 
actively after antigen stimulation (Suda et al., 1999) and 
therefore, BALT development is likely to play an important role in 
the mucosal immune response. Pulmonary phagocytic effect in 
guinea pigs against T.vulgaris antigen has been studied by 
Milanowski et al. (1998). The BAL showed influx of neutrophils, 
lymphocytes and red blood cells to the lung and therefore results 
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in the enhancement of phagocytes which caused inflammation of 
the tissues. 
2.10 Serodiagnosis of Hypersensitivty Pnuemonitis 
The preparation of cultural filtrate antigens, its purification 
and immunochemical characterizations have led to the 
identification of major antigenic component among TAs (Reiss, 
1986). The critical factors for obtaining consistent and 
reproducible antigenic extract includes, strain selection and 
standardization of incubation time, temperature, aeration and 
inoculum size (Boiron, 1988). Various reports claiming increased 
sensitivity and specificity of antigens proved that none of these 
preparations are standard. The crude antigenic mixtures however, 
has continuously been used in routine diagnosis of HP. All the 
thermophilic actinomycetes causing clinical disease in susceptible 
individuals may have some of their antigen identical or closely 
related. Wenzel et al. (1974) found that sera from patients of 
farmer's lung disease (FLD) contain precipitating antibodies 
reactive against antigens prepared from several species of 
thermophilic actinomycetes. The cross-reactivity of extracellular 
antigen of F.rectivirgula, T.vulgaris, T.thalpophilus and S.viridis 
were detected by double immunodiffusion (DID) and cross 
immuno-electrophoresis tests (Kurup et al. 1976). In their tests, 
all the antigens from different genera reacted strongly with their 
respective homologous antiserum raised in rabbits. A very little 
cross-reactivity was seen among the antigen of different genera. 
Flectcher and Rondle (1973) tried to obtain serologically active 
material from culture of M.faeni. The results of immunodiffusion 
and immuno-electrophoresis suggested that antigen preparation for 
diagnosis of farmer's lung disease should contain concentrated 
culture supernatant and extract of mycelium. Their attempt to 
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obtain serologically active material from spores were, however, 
unsuccessful. The hypersensitivity in farmers arises from the 
exposure to mycelial antigens, which are rich in carbohydrates, 
particularly, arabinose, galactose and glucosamine and a very little 
amount of antigenic protein. The proteolytic activity of 
thermophilic actinomycetes, however, were demonstrated by the 
presence of antibodies against two proteolytic enzymes produced 
by T.candidus in the sera of FLD patients (Robert et al., 1983). 
The purified antigenic protein from M.faeni used in 
immunoblotting assay (Aznar et al., 1988) were obtained from sera 
of FLD patients. The predominant immunoglobulin class was IgG 
with 20 bands in a highly positive sera. Two bands of 28000 and 
49000 Kd were most frequently detected. Moreover, IgA and IgM 
specifically reacted with 49000 and 28000 Kd antigen band only. 
These bands were not detected in the sera of control groups. 
Hence, response could be of diagnostic value while discriminating 
the specific state of disease, particularly the antibody class in 
response to an antigenic fraction. The immunoglobulin IgG 
reactive against M.faeni in the sera of FLD patients were detected 
by immunoblotting. The IgG contained IgGl and IgG2 which were 
more reactive than IgG3 and IgG4. Subsequently, the 
immunoblotting technique was used to analyze the antibody 
response against M.feani in the sera of farmers with extrinsic 
allergic alveolitis (EAA). The patients with EAA showed IgG, IgM 
and IgA antibody response mainly against the antigens with 
molecular weight of 11, 12, 25, 35 and 60 Kd. This suggested that 
the major antigens had a molecular weight of 11, 12, 25 and 60 Kd 
(Iranitalab et al, 1989). 
Several early reports indicated that demonstration of 
precipitins against offending agents provide evidence of a clinical 
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disease (Pepys, 1969). Multiple precipitin bands were commonly 
observed which showed the correlation with high intensity of 
disease. A few years later, doubts were expressed concerning over-
interpretation of diagnostic test for precipitins (Fink et al., 1971). 
Subsequent studies revealed the occurrence of precipitins in sera 
of large number of exposed subjects with no respiratory symptoms 
of HP (Marx et al., 1978). These observations led to a consensus 
that presence of precipitins probably reflect the normal host 
response and is not an indication of immunological pulmonary 
disease. 
The antibodies involved in the immune response to HP were 
originally thought to be of the IgG and IgM classes. Later, Parratt 
et al. (1975) demonstrated a significant rise in IgA response. The 
total IgE level were however, not elevated in farmer's lung 
disease. The precipitating antibodies play an important role in the 
diagnosis of interstitial lung disease. Microorganisms other than 
thermophilic actinomycetes can produce a similar condition and 
even among thermophilic actinomycetes species belonging to 
different genera can cause HP, it is therefore, important to use a 
battery of antigens for serological testing (Roberts et al., 1976). 
The double immunodiffusion (DID) test was the first simple 
and reliable laboratory method for the diagnosis of farmer's lung 
disease. DID, however, lacks sensitivity and, therefore, requires 
high amount of antibody for the clinical diagnosis of HP. Two-
dimensional or cross immunoelectrophoresis (CIE) offers a 
potential means for quantitation of precipitating antibodies 
directly against specific antigens within a complex antigen 
mixture (Treuhalt et al., 1979). Antibodies of IgG class were 
demonstrated by immunoblot techniques (Reese et al., 1989). 
Immuno-histochemical examination of pulmonary sarcoid lesion 
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from patient 's lung revealed localization of C3 component with 
deposition of immunoglobulin in the non-fibrosed granulomas. The 
antibodies participating in this reaction were complement fixing 
antibodies (Marx et al., 1987). The disease preceeded by immune 
complex (hypersensitivity type III) pathway where ingestion of 
immune complex by polymorphonuclear leukocytes and release of 
hydrolases mediated the tissue damage. The complement-
consuming ability of the serum from the sensitized farmers against 
M.faeni antigen were examined by Edward (1981) through 
complement fixation test. In order to obtain reliable results with 
complement fixation test, low concentration of antigen and proper 
controls are necessary. 
Enzyme-linked immunosorbent assay (ELISA) is yet another 
serological test used for the quantitation of antigen and antibodies. 
The test is simple, rapid and highly specific. In a study conducted 
by Bamdad (1980) in England, 58% of farmers exposed to 
thermophilic actinomycetes were ELISA positive. Almost 98% of 
precipitin positive sera were also found positive in ELISA test. 
Simultaneously, the prevalence and the titre of antibodies against 
T.vulgaris and M.faeni were also detected by ELISA in the 
farmer's lung group from Finland (Ojenen et al., 1980). M.faeni, 
S.viridis, T.sacchari and T. vulgaris were tested by ELISA for the 
presence of antibodies in the sera of farmer's lung patients, where 
as precipitin by double immunodiffusion (DID) test was 
simultaneously carried out by Marx et al. (1982). ELISA was 
found more sensitive than DID test. The ELISA absorbance values 
of antibodies in the serum of the farmer's lung patient therefore, 
can be of diagnostic value (Hebert et al., 1985). 
A few asymptomatic dairy subjects positive for precipitin 
against F.rectivirgula and T.vulgaris (Konishi et al., 1985) were 
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also having IgG antibodies as detected by ELISA. Significantly, 
lower IgG reactivity was found in asymptomatic and control 
groups. In contrast, the known subjects of extrinsic allergic 
alveolitis had high IgG activity against thermophilic 
actinomycetes. The microbial extracts from water supply of the 
humidifier were used as antigen to demonstrate the sensitization of 
the printing press workers. A significant number of workers with 
elevated IgG concentration were smokers as compared to non-
smokers, indicating that nonsmokers have high risk of 
immunological sensitization. The high risk of immunological 
sensitization is possibly due to increased number of macrophages 
in the upper respiratory tract of smoker which provide a high rate 
of antigen clearance in smokers (Bour et al., 1992). Immune 
response to the purified protein antigen of M.rectivirgula were 
analyzed by immunoblotting in patients of farmer's lung. The test 
revealed 20 bands of IgG and 2 bands for IgA and one band each 
for IgM and IgE in a highly positive serum. 
Aznar et al. (1988) further applied enzyme-linked 
immunoelectrodiffusion assay (ELIEDA) with the same positive 
sera where they found only 7,10 and 8 arcs for IgG, IgA and IgM 
respectively. They concluded that rheumatoid factor which had 
high titre in the patient interfere with ELIEDA but not in 
immunoblotting test, which can determine the response of one 
particular immunoglobulin class to an antigen fraction. 
Immunoglobulin against T.fusca, T.alba and T.curvata were 
detected by dot-ELISA in some of mushroom worker 's lung 
patients. (Bogart et al., 1993). They concluded that dot-ELISA can 
be used to determine different classes of antibodies at a time in 
the same sera whereas quantitative ELISA can detect only one 
class of antibodies at one time. Therefore, they noted that 20% of 
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dot ELISA positive serum were found negative in quantitative 
ELISA. 
The first instant response of the immune system against 
allergens is the elevation in IgG antibody level in susceptible 
individuals. Greater IgG titre against F.rectivirgula was reported 
in symptomatic dairy farm workers than asymptomatic and control 
as detected by indirect ELISA (Gangwar et al, 1991). Similar 
investigation were carried out by Khan et al. (1995) where they 
found IgG against F.rectivirgula and T. sacchari in the sera of 
sugar mill workers. Cornelia et al. (1996) demonstrated specific 
binding of farmer's lung patient's IgG2 to S.rectivirgula purified 
antigens, whereas, no such antibodies were found in exposed and 
unaffected subjects. Thus subclass of immunoglobulin IgG2 
reaction with S.rectivirgula antigens were useful in the serological 
diagnosis of patients with farmer's lung disease and for the 
isolation of disease causing antigens. 
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3. 1 Collection of samples 
The soil samples and plant materials were collected in sterilized 
polyethene containers from different agro-industrial sites of Uttar 
Pradesh, India,* The samples collected were transferred to the 
laboratory for analysis. 
3.2 Isolation and maintenance of cultures 
The method suggested by Athalye et al. (1981) was used for 
the isolation of thermophilic actinomycetes. One gram each of 
plant and soil sample was transferred to a 30 ml test tube and 
mixed with 10 ml of sterile normal saline by shaking on a vortex 
mixer for 2 min. Aliquots (0.1 ml) from serially diluted sample of 
each suspension was pipetted onto the surface of duplicate 
petriplates containing tryptic soy agar (TSA) and malt yeast 
extract agar (MYEA) supplemented with cycloheximide (50 |ig/ml) 
to suppress fungal growth (Appendix I and II). The serially diluted 
samples were spread evenly over the surface using a sterile T-
shaped glass spreader. To prevent rapid dehydration, the plates 
were loosely enclosed in polyethene bags and incubated at 50°C. A 
bowl of water was also placed in the incubator to maintain 
humidity. The plates were examined for thermophilic 
actinomycetes after 4 th, 7th and 10th days of incubation. All of the 
thermophilic actinomycetes were isolated using TSA except 
Thermoactinomyces sacchari for which MYEA was used. The 
mean colony counts were determined and recorded as colony 
forming unit per gram of each sample.The cultures were 
maintained on TSA and MYEA media and stored at 4°C. Cultures 
were sub-cultured on routine basis after every three months. 
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3.3 Identification of the isolates 
Thermophilic actinomycetes isolates were identified by their 
colonial and microscopic morphology and biochemical 
characteristics as suggested by Kurup and Fink (1975). Cultures of 
Saccharomonospora viridis A74 and Thermoactinomyces 
thalpophilus A64 were procured from Dr. John Lacey, Rothamsted 
Experimental Station, Herts, U.K. Thermoactinomyces vulgaris 
MTCC1757, T.sacchari MTCC1753, Saccharopolyspora 
rectivirgula MTCC1547 and Thermomonospora fusca MTCC1754 
were procured from Institute of Microbial Technology (IMTECH), 
Chandigarh, India and were used as reference strains. The 
morphological and biochemical characteristics of the isolates were 
compared with the reference strains using the methods as outlined 
by Cross and Goodfellow (1973), Lacey (1988) and Lacey and 
Cross (1989). The isolated strains were identified according to the 
properties mentioned in Burgey's Manual of Systematic 
Bacteriology (Vol. 9,1989). 
3.3.1 Colonial morphology 
Isolates were streaked on petriplates containing TSA and 
MYEA media. Plates were incubated at 50°C for 4 to 8 days. The 
growth pattern, colony texture, size, margins, colour, sporulation 
and pigment production were observed and recorded. The 
microscopic details were studied using slide culture technique. 
A thin layer of TSA and MYEA media were allowed to 
solidify in the Petriplate. Meanwhile, a separate set of petriplates, 
having a circular filter paper at the base was prepared on which a 
glass rod triangle was placed for supporting the glass slides. Two 
or three coverslips were also kept in each petriplate and were 
sterilized by autoclaving at 121°C at 15 lb for 20 min. The thin 
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layered solidified media was cut into small blocks (smaller than 
the size of coverslip) using a sterilized blade. The blocks were 
then placed on the slides in the sterilized Petriplate assembly and 
inoculated with loopful of the respective cultures. After 
inoculation, the coverslips were placed with the help of sterilized 
forceps on the block. Sterile distilled water was poured into each 
plate to avoid rapid dehydration and incubated at 50°C for few 
days. The mycelial growth and sporulation pattern was observed 
under microscope. 
3.3.2 Thermotolerance 
To study the range of thermotolerance of thermophilic 
actinomycetes, the petriplates containing tryptic soya agar were 
inoculated with the test strains and incubated at 25°C, 40°C and 
50°C . The cultures were examined regularly up to 10 days. In 
addition, spores of thermophilic actinomycetes suspended in 
distilled water were heated in a boiling water bath for different 
time intervals. The heating spore suspensions were transfered 
onto TSA plates. The plates were incubated and examined for one 
week. Unheated cultures served as control. 
3.4 Biochemical characterization 
3.4.1 Casein hydrolysis 
A 10% suspension of skimmed milk powder prepared in 
water and an equal volume of water agar (2%) were autoclaved 
separately and cooled. The skimmed milk suspension and water 
agar were then mixed thoroughly and poured into Petriplates. The 
organisms were inoculated at the center of the Petriplates and 
incubated at 50°C for 4 to 7 days. A zone of clearance beneath and 
around the colony indicated hydrolysis of casein. 
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3.4.2 Starch hydrolysis 
One gram of starch suspended in 10 ml of cold distilled 
water was added to 90 ml of TSA, autoclaved at 121°C for 15 min. 
and was poured into sterile Petriplates. After inoculation and 
incubation for 3 to 4 days at 50°C, the plates were flooded with 
Gram's iodine solution (Appendix 111). A clear zone around the 
colony indicated the hydrolysis of starch. 
3.4.3 Hydrolysis of esculin and arbutin 
Esculin (0 .1% w/v) + ferric citrate (0.05% w/v) and arbutin 
+ ferric citrate along with TSA were autoclaved separately and 
poured into Petriplates. The plates were inoculated with test 
organisms and incubated for 5 to 8 days The blackening of the 
medium around the colony indicated the hydrolysis of esculin and 
arbutin (Kurup and Fink, 1975). 
3.4.4 Hydrolysis of Tween-80 
Tween- 80 ( 1 % w/v) and CaCl2 (0 .1% w/v) were added to 
TSA, autoclaved and poured into Petriplates. The test organisms 
were spot inoculated and incubated at 50°C for 4-5 days. The 
hydrolysis of Tween-80 was indicated by an opaque zone formed 
due to precipitation of calcium salt around the area of growth 
(Jones et al., 1979). 
3.4.5 Decomposition of tyrosine, xanthine and hypoxanthine 
Decomposition of tyrosine(0.5% w/v), xanthine (0.4% w/v) 
and hypoxanthine (0.4% w/v) was studied by the method as 
described by Kurup and Schmitt (1973). TSA was used as a basal 
medium for all TAs except T. sacchari where MYEA medium was 
used. The media were sterilized and were poured into Petriplates. 
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Care was taken to ensure an even distribution of the crystals 
throughout the solidified medium. Each test isolate was inoculated 
in the center of the Petriplate and incubated. Zone of clearance 
appearing around and beneath the colony was taken as evidence of 
decomposition. 
3.4.6 Tolerance to NaCl, sodium azide and potassium tellurite 
TSA was used as basal medium for all TAs. Thermophilic 
actinomycetes were grown in the TSA medium containing 5% and 
10% NaCl, sodium azide (0.05% w/v) and potassium tellurite 
(0.05% w/v).The inoculated Petriplates were incubated at 50°C 
and examined daily for growth upto 10 days . 
3.4.7 Carbohydrate utilization 
The thermophilic actinomycetes were grown in TSA without 
glucose but containing xylose, lactose and sucrose. Aqueous 
solution of test carbohydrates was sterilized by membrane filter 
(0.45 \im), incorporated aseptically to the sterilized basal medium 
and poured into Petriplates. The plates were inoculated with TAs 
and were incubated.Growth on TSA containing different sugars 
were scored as +: moderate growth, ++: heavy growth and :— no 
growth. 
3.5 Antibiotic profiling 
The various antibiotics impregnated discs were procured 
from Hi media laboratories Pvt. Ltd., Bombay, India. TSA plates 
were uniformaly smeared with a suspension of spores of each 
isolate. Discs impregnated with Ampicillin (10 meg/disc), 
Streptomycin (10 meg/disc), Nitrofurantoin (30 meg/disc), 
Chloramphenicol (25 meg/disc), Tetracyclin (10 meg/disc), 
Methicillin (10 meg/disc), Nalidixicacid (30 meg/disc), Novob-
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iocin (30 mc|o,g/disc), Deoxycline (10 meg/disc) and Kanamycin 
(100 meg/ disc) were placed over the inoculated plates and 
incubated at 50°C for 3 to 4 days. The zones of inhibition (mm) 
was measured and results were recorded as sensitive or resistant. 
3.6 Aeromicrobiological survey 
3.5.1 Seasonal variation of thermophilic actinomycetes in farm 
environment 
Seasonal aerial count of thermophilic actinomycetes was 
observed by direct exposure of ten media Petriplates per month in 
the Kuarsi farm environment at Aligarh. It is a government 
agricultural farm with an area of 12.58 hectare of agricultural 
field. 
3.6.2 Thermophilic actinomycetes in agro-based environment 
The aerial prevalence of clinically important thermophilic 
actinomycetes was studied from different places in state of Uttar 
Pradesh, India. The lawns of Department of Botany, Aligarh 
Muslim University, Aligarh, India served as a control site. 
Climatologically, the localities investigated represent a dry and 
sub- humid region. A brief description of the sites surveyed are 
given below:-
3.6.2.1 Dairy farm, Jamalpur, Aligarh 
The dairy farm was situated in a thickly populated area of 
Jamalpur, Aligarh. The cattle sheds were made up of asbestos and 
thatched roofing and contained fodder godowns, open space and 
compost disposal sites. They had about 100 animals (100% 
buffaloes). The animal feed included soaked wheat straw, wheat 
bran, mustard cake, gram husk and hay. 
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3.6.2.2 Zaidi Poultry farm, Meerut 
It has agricultural fields, storage godowns and poultry farm. 
About 1000 poultry birds were selected for the study. It had three 
poultry sheds and an open area with a litter disposal site. The saw 
dust and rice husk constituted the main bedding materials. The 
poultry feed used had the following composition, yellow maize 
and broken wheat (20%), rice (40%), wheat bran (10%), groundnut 
cake (10%), fish meal (8%), bone meal( 10%), common salt (0.5%) 
and vitamin and mineral mixtures (1.0%) 
3.6.2.3 Cotton spinning mill, U.P.S.T, Sundila, Hardoi 
The cotton spinning mill is located in the Industrial area of 
Sundila. It had various sections namely, blow room, carding 
room, draw frame room, speed frame room and ring frame room. 
3.6.2.4 Saatha sugar mill, Aligarh 
Government sugar mill located 12 Km away from Aligarh was 
selected for the aeromicrobiological prevalence of thermophilic 
actinomycetes. Petriplates were exposed to different sections 
namely, sugarcane unloading area, baling, crusher, boiler, 
bagasse, carbonation and drier sections. 
The aeromicrobiological survey was conducted by direct 
Petriplate exposure method. Two hundred and sixty Petriplates in 
duplicate containing TSA and MYEA supplemented with 50 ug/ml 
cyclohexamide were uniformly exposed for 10 min. at monthly 
intervals at the selected sites. The exposed plates were enclosed 
in sterilized polyethene containers to prevent rapid dehydration. 
The plates were incubated at 50°C and were observed on alternate 
days for 7 days. The colonies of various thermophilic 
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actinomycetes were enumerated and sub-cultured on TSA and 
MYEA. 
3.6.3 Aerial survey of agro-environment by handy sampler 
The spores of thermophilic actinomycetes inhaled by workers in 
these areas were enumerated by handy sampler (Kimoto, HS-6A), 
Microfibre filter (0.45 |im) was used for traping microorganisms 
on its surface. The filter was placed on filter holder of the handy 
sampler and the rate of air inflow was set at 2.5 litre/min. The 
sampler was operated for 10 minutes on each site for three times, 
with a fresh microfiber filter each time. 
3.6.3.1 Processing of microfiber filter 
Exposed microfiber filter was taken in 30 ml sterile test tube 
with 10 ml of sterile distilled water and shaken on vortex mixer 
for 2 min. The mixtures of suspended particle was serially diluted 
and 0.1ml of each sample solution was pipetted and spreaded on 
the surface of TSA and MYEA media containing cycloheximide 
(50 ug/ml). The plates were incubated at 50°C in a humid 
incubator and were examined for 5 to 7 days for the growth of 
actinomycetes. 
3.7 Serological studies 
3.1-1 Preparation of culture filterate antigens 
The culture filterate antigens of T.thalpophilus, T.sacchari, 
T.vulgaris and S.rectivirgula were prepared by the double dialysis 
method of Edwards (1972) and later, modified by Kurup et al. 
(1976). Tryptic soy broth (500 ml) was taken in a dialysis tube for 
growth of all the test species except T. sacchari which was grown 
in malt yeast extract broth. The dialysis tube was placed in a two 
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litre cylinder filled with 500 ml of an external phase solution (0.1 
M glycine in 0.075 M NaCl) so as to cover the dialysis tube partly. 
The entire assembly was sterilized and incubated at 37°C for 48 h 
to achieve equilibrium of the two phases. The external phase was 
inoculated with 2 ml suspension of the test actinomycetes prepared 
in normal saline from the 5 days old slant cultures. The inoculated 
flasks were incubated at 50°C in a rotary shaker and the growth 
was terminated by adding formalin (0.5% v/v) after 10 days of 
incubation. The external phase with growth was filtered through 
Whatman No. 1 filter paper. The filterate so obtained was dialysed 
against distilled water for 48 h and concentrated 10 to 15 folds by 
pre-vaporation in the refrigerator at 4°C. The protein content of 
the antigens were estimated by the method as suggested by Lowry 
et al. (1951) using bovine serum albumine (BSA) as standard 
(Appendix IV). 
3.7,2 Purification of antigens 
Antigens were purified by two methods, namely, ammonium 
sulphate precipitation and gel filtration method. 
3.7.2.1 Ammonium sulphate precipitation 
Required quantity of solid ammonium sulphate was added to 
the concentrated crude cultural filterate antigens and dissolved by 
gentle stirring on magnetic stirrer and left over night at 4°C before 
centrifugation. The precipitates obtained were removed by 
centrifugation at 12,000 rpm for 25 min at 4°C in a cooling 
ultracentrifuge. The precipitates were dissolved in minimal known 
volume of phosphate buffer saline (PBS, pH 7.3, Appendix V). 
The dissolved fractions were dialysed in cold for about 48 h with 
several changes of distilled water at 3 h intervals until all the 
traces of ammonium sulphate were removed. The purity of 
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dialysate was checked by the absence of visible precipitates on 
addition of barium chloride to the dialysate. Finally, the dissolved 
fractions were dialysed against phosphate buffer saline for 10 h. 
The precipitates formed, if any, during dialysis, were removed by 
centrifugation and discarded. Different fractions of ammonium 
sulphate were dialysed separately and the protein content was 
estimated. The antigenic fractions were stored in vials at 0°C. 
3.7.2.2 Gel Alteration 
Sephadex G-200 was allowed to swell in excess of phosphate 
buffer saline for 5 h at 100°C in water bath. The air bubbles from 
the supernatant was sucked by vacuum pump to make gel free of 
air trap between the gel particles. One third glass column of 3.5 
cm x 72 cm was filled with PBS. A thick slurry of Sephadex G-
200 was added to it and the gel particles were allowed to settle 
until a uniform layer was formed on the top of the gel column. The 
outlet was then opened to clear the supernatant above the gel bed 
and more sephadex slurry was added until the column was filled 
about 5 cm from the top. The column was equilibrated by 
overnight elusion with PBS through stored buffer in the reservoir 
on the top of the column and the flow rate was adjusted to 
approximately 8 ml/h. The void volume of the column was 
estimated by elusion volume of 1 ml with 5 mg of blue dextran. 
Before loading antigenic ammonium sulphate fraction on the 
column, the buffer above the bed was drained off and 1ml sample 
containing 5 mg of antigenic protein (active fraction after 
ammonium sulphate precipitation) was applied on the top of the 
gel column with a micropipette, without disturbing the bed 
surface. The bottom outlet was opened after complete loading of 
the sample to allow the entry of samples into gel column. 
Subsequently, buffer (PBS+ 1% sodium azide) was layered on the 
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column and connected with a buffer reservoir containing PBS with 
1% sodium azide. Flow rate was adjusted at 8 ml/h and fractions 
were collected after the elusion of void volume. The protein of 
each fraction was estimated by Lowry's method (Lowry, 1951). 
3.7.3 Development of hyperimmune sera 
The method of kurup et al. (1979) was followed for raising 
hyperimmune sera using standard strains of Saccharopolyspora 
rectivirugla MTCC 1547, Thermoact-inomyces vulgaris MTCC 
1757, T.sacchari MTCC 1753 and T. thalpophilus A64. 
A four day old culture broth of the test species were 
harvested in sterile physiological saline containing formalin (0.5% 
v/v). The cultures were centrifuged (10,000 rpm) for 20 min at 4°C 
and washed (4x) in physiological saline. The harvested growth 
pellets were slightly dried by absorption of saline on whatman No. 
1 filter paper. One gram of the growth pellet was homogenized in 
sterile normal saline and volume was made upto 10 ml. One ml of 
the homogenized growth was emulsified thoroughly with equal 
volume of Freund's complete adjuvant (FCA). At weekly intervals, 
lml of emulsified suspension of antigen was injected 
subcutaneously on the back of New Zealand white rabbit weighing 
1.5-2.0 Kg. Rabbits were test bled 5 days after the last injection 
from the marginal veins of the ear. The blood was allowed to clot 
at room temperature in sterile test tube followed by overnight 
incubation at 4°C in refrigerator. The serum was centrifuged at 
2500 rpm for 15 min., decanted and finally stored with 1% 
merthiolate solution at 4°C. 
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3.8 Serological Tests 
3.8.1 Double immunodiffusion test 
Double immunodiffusion (DID) test was performed as 
described by Gangwar et al. (1989). 1% Agarose (Appendix VI) 
solution in Mcllaviane buffer (Appendix VII) was poured in 
petriplates of 50 mm diameter. One central and six peripheral 
wells of equal size (6 mm diameter) were punched in the gel with 
a brass template. The wells were located at equidistance from 
central well. Partially purified antigenic fractions were loaded in 
the peripheral wells whereas the homologous hyperimmune sera 
were loaded in the central well. While in case of patients, the sera 
samples were loaded in peripheral wells and known antigen in the 
central well to detect the precipitin bands. Petriplates were 
incubated at 28°C for 24-48 h in a moist chamber. The gel was 
washed with normal saline for 2 days to remove the unreacted 
protein molecules. The precipitin bands were stained with 
coomassie brilliant blue (Appendix VIII) for 3 h with periodic 
shaking and then destained with destaining solution (Appendix 
IX). The destaining solution was changed after every 2-3 h till the 
background became clear. The pattern and position of precipitin 
bands were recorded and photographed. 
3.8.2 Enzyme-linked immunosorbent assay (ELISA) 
The ELISA technique of Voller et al. (1980) and later 
modified by Fasani et al. (1987) was used for the determination of 
specific IgG against Saccharopolyspora rectivirgula, 
T.thalpophilus, T.vulgaris and T.sacchari antigens in the sera of 
exposed workers. Alkaline phosphatase was substituted by horse 
radish peroxidase conjugated IgG and orthophenyldiamine as 
substrate, whereas, phosphate buffered saline containing 0.05% of 
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Tween-20 used earlier by Voller et al. (1980) was replaced by PBS 
+ gelatine + Tween -20 (Appendix X) and was used as blocking 
buffer in the present study. Antigen (200 \x\) diluted in carbonate 
buffer (Appendix XI) was used to coat the wells of microtitre 
ELISA plate (Labsystem , USA). The plates wrapped with tin foil 
was kept in a plastic box with wet cotton to prevent evaporation of 
the content from the microtitre ELISA plate. The plates were 
incubated at 37°C for 2 h and left over night at 4°C in refrigerator. 
The plates were washed (5x) with washing buffer (Appendix XII). 
The binding of non-specific protein to the wells was blocked 
with blocking buffer and plates were incubated at 37°C for 2 h. 
200 fxl of symptomatic, asymptomatic and control sera (unexposed 
healthy), diluted in PBS-T (1:100, Appendix XII), were added to 
each well and incubated at 37°C for 1 h. Plates were washed (5x) 
with PBS-T. 200 jil of anti-human IgG conjugated horse- radish 
peroxidase diluted in PBS-T (1:3000) was added to each well, 
incubated for 2 h at 37°C and washed with PBS-T as before. 
Finally, 200 fj,l of freshly prepared orthophenyldiamine substrate 
(Appendix XIII) in citrate phosphate buffer (pH 5, Appendix XIV) 
was added to each well and plates were kept at room temperature 
for 20-25 min. for the development of colour. The reaction was 
terminated by adding 50 \i\ of 5N H2S04 (Appendix XV) to each 
well. Absorbance was measured at XA492 nm by ELISA reader 
(Labsystem, USA). 
3.9 Sero-epidemiologic survey of antibodies in the agro-mill 
workers 
The prevalence of precipitating antibodies reactivity to 
clinically important thermophilic actinomycetes was investigated 
in workers employed in the two agro-based industries, namely, 
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cotton spinning mill, Sundila and Saatha sugar mill, Aligarh, U.P. 
India. Each worker was examined clinically and a proforma 
eliciting information relevant to the study was filled up. The 
workers were divided into the symptomatic and asymptomatic 
groups. The workers showing clinical symptoms of 
hypersensitivity pneumonitis like cough, dysponea, fever, 
wheezing were considered as symptomatic. However, the 
asymptomatic workers, though exposed to the mill environment, 
did not show any respiratory illness. The blood was collected from 
a group of sixty cotton spinning mill workers where 30 subjects 
belonged to each of the symptomatic and asymptomatic groups. 
Whereas, 55 sugar mill workers which included 22 symptomatic 
and 33 asymptomatic subjects were persuaded for their blood 
collection. Ten unexposed healthy volunteers from J.N.Medical 
college, Aligarh served as control. Serum was harvested from 
blood samples and stored with 1% merthiolate solution at 0°C till 
use. 
3.J0 Population studies for respiratory allergies among 
farmers and non-farmers 
Allergic respiratory studies were conducted in subjects 
living in cities (n=300) and rural environment (n=280). The 
farmers were engaged in extensive agricultural activities. The 
choosen subjects were asked questions in order to analyse the lung 
allergies. The questionnaire was related to their living conditions 
and respiratory allergies: did a doctor ever diagnose any type of 
respiratory disorder in you; their education, exposure to hay, use 
of air conditioner, water air cooler and wood or coal for cooking. 
They were also queried about dampness inside the house or in the 
animal sheds, antibiotic treatment in last 3 years and homeopathic 
treatment for fever. They were further asked: do you live on a 
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farm ? and if so, do you work in farm (a) full time or (b) part time 
basis, their family history of asthma and farmer's lung disease. 
Did a doctor ever diagnose any of the following disease in you: 
asthma, bronchitis and pneumonitis. All the subjects were asked 
for hypersensitivity pneumonitis symptoms in past 12 months like 
wheezing, cough with expectoration, chill with fever, chest 
tightness/pain and dyspneoa (4-10 h after work). The farming 
populations engaged in the agricultural practices and exposed to 
hay were persuaded for their blood collection and sera were 
collected (n=147). However, only urban (85) subjects showing 
sing of respiratory allergies were selected for blood collection. 
Out of 147 rural subjects, 30 were diagnosed as patients of HP, 
and on the basis of symptoms, they were designated as 
symptomatic, whereas 117 asymptomatic subjects showed one or 
two HP symptoms in past 12 months. The blood collected from 
unexposed healthy subjects (n=20) served as control. The sera 
samples collected separately were analyzed for the prevalence of 
precipitating antibodies and IgG antibodies by double 
immunodiffusion test and ELISA respectively using antigens 




4.1 Isolation and Identification of Thermophilic 
actinomycetes 
The plant materials and soil samples collected from different 
regions in Uttar Pradesh, India are presented in Table 2. 
Thermophilic actinomycetes were isolated from the samples by 
serial dilution plate technique on tryptic soy agar (TSA) and malt 
yeast extract agar (MYEA) media. For aerial prevalence studies, 
the air samples were collected using handy sampler and by 
exposing Petriplates directly at different agri-sites. The isolated 
TAs were identified on the basis of their colony morphology, 
microscopic examination and biochemical characteristics. The 
characteristics of the isolated TAs were compared with reference 
strains. The isolated TAs belonged to six species and are described 
below 
4.2 Characterization of thermophilic actinomycetes species 
Clinically important thermophilic actinomycetes collected 
during the study were characterized morphologically and 
biochemically. 
4.2.1 Morphological and Biochemical properties 
Thermoactinomyces vulgaris 
The isolated strains of T.vulgaris showed rapid growth on 
tryptic soy agar medium at 50°C and attained a colony diameter of 
3.0-3.5 cm after four days of incubation. The test strain was Gram 
positive and addition of 0.2% yeast extract to the basal medium 
(TSA) slightly increased growth and enhanced production of aerial 
mycelium and spores. The colony was flat, uniformly covered with 
white aerial mycelium and had feathery margins (Table 3, Plate la) 
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Table-2 Plant materials ^ d soil samples collected from different regions 
in Uttar Pradesh used for^o1&tioji^:cliine1illy important thermophilic 
actinomycetes. 
Collection site 
Agriculture fields, Sundila, Hardoi 
Earthen Silos in farm houses, Sundila, 
Hardoi, 
Rice mill, Sundila, Hardoi 
Cotton Spinning mill, Sundila, Hardoi 
Kuarsi Agriculture farm, Aligarh 
Godown, Food corporation of India, 
Aligarh 
Agriculture farm houses, Cherad, 
Ratgaon, Aligarh 
Riding club, Aligarh Muslim University 
Farming field, Harduaganj 
Dairy farm, Jamalpur, Aligarh 
Zaidi Poultry farm, Meerut 
Saatha sugar mill, Aligarh 
Flour mill, Babrala 
Agriculture fields, Behjoi, Chandausi, 
Bilari 
Venus sugar mill? Bijnour 




























Poultry feed waste 
Decomposing sawdust 

















































The reverse of the colony was white to creamy. Primary and 
secondary mycelia with single spore were attached directly to the 
filaments or to short unbranched sporophores when cultures were 
grown on slides. The test strains decomposed casein (Plate Ilia), 
tween-80 and esculin,but failed to hydrolyse starch (Plate IVa). 
None of the T.vulgaris strains decomposed tyrosine (Plate Va) 
xanthine, hypoxantine and arbutin. All strains grew in TSA 
supplemented with 5% sodium chloride. All the strains showed 
good growth in the medium containing xylose, lactose and sucrose. 
All the strains were sensitive to sodium azide (0.05%) and to 
potassium tellurite (0.05%) (Table 4). 
Titermoactinomyces tlialpopltilus 
The isolated strains of T.thalpophilus produced good growth 
on the TSA medium at 50°C and attained a colony diameter of 2.5-
3.0 cm after four days of incubation. Malt yeast extract agar 
(MYEA) and nutrient agar proved equally good for their growth. 
The colony was flat or slightly ridged and furrowed with 
prominent concentric rings with moderate to dense covering of 
white aerial mycelium (Plate lb) Unicellular spores were attached 
directly to mycelium (Plate Ha). All the strains were Gram 
positive and decomposed starch, casein (Plate Ilia), tween-80 and 
tyrosine (Table 4), where as, xanthine, hypoxanthine, esculin and 
arbutin were not decomposed. All the strains did not grow in the 
medium supplemented with 5% NaCl. The test strains utilized 
xylose, lactose and sucrose (Table 4). 
Titer moactinomyces sacchari 
All the isolated strains of T.sacchari exhibited identical 
morphological and biochemical characteristics. The growth of 
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Potassium tellurite (0.05%) 














































































































Arbutin — — — — — — 
Utilization of-
Xylose + + + + + + 
Lactose + + + + + + 
Sucrose + + + + + j _ _ 
a: Temperature ranges for growth were determined using TSA and MYEA 
b: Temperature selected for all other physiological test 
+ : Growth —: No growth 
Tv- T.vulgaris, Tt- T.thalpophilus, Ts- T.sacchah, Sv- S.virdis, Sr- S.rectivirgula, Tf- T.fusca 
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0.5-1.0 cm in diameter during the 5 days of incubation on MYEA 
medium. Colony was slightly ridged, often bacterial in appearance 
and buff coloured (Table 3). Aerial mycelium was produced but 
rapidly autolysed. Spores were produced on L;hort sporophores. 
The Gram positive strains utilized starch, casein, tween-80 and 
esculin but failed to decompose tyrosine, xanthine, hypoxanthine 
and arbutin. All the strains failed to grow in the medium 
supplemented with 5% NaCl. The strains failed to grow in the 
presence of sodium azide (0.05%) and potassium tellurite as well 
(Table 4). 
Saccharopolyspora rectivirgula 
The growth of all the tested strains of S.rectivirgula was 
slow on TSA at 50°C and varied in colony size ( 1.0 to 1.5 cm) 
after 6 days of incubation . Addition of sodium chloride (5%) to 
the basal medium enhanced the aerial mycelium production and 
sporulation. The colony was wrinkled, raised with wavy margin 
and pale yellow in colour (Table 3). Well developed substrate and 
branched mycelium were produced at right angle on slides (Plate 
lie). Aerial mycelium arose from the substrate hyphae bearing 
chains of round to oval spores (Table 3). All the strains 
decomposed starch, casein, tween-80, Tyrosine, xanthine, 
hypoxanthine and esculin. They did not hydrolyse and arbutin. 
They grew well in the presence of 5% and 10% sodium chloride. 
All the strains showed resistance to sodium azide (0.05%w/v) and 
potassium tellurite (0.05% w/v). They utilized xylose, lactose and 
maltose (Table 4). 
Thermomonospora fusca 
The colonies of T.fusca were initially pale yellow, like 
bacterial colony in appearance. However, from the third day of 
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incubation, the spores started appearing in the center of the 
colony. The substrate mycelium, however did not show sporulation 
and appeared as concentric ring around the spores (Plate Ic,d). 
Microscopic examination revealed a cluster of spores on short 
dichotomously branched lateral sporophores (Plate l id). All the 
isolates decomposed starch, casein (Plate Illb) and tween-80 but 
failed to decompose tyrosine, xanthine, hypoxanthine and arbutin. 
They utilized all the carbohydrates tested (Table 4). 
Saccharomonospora viridis 
S.viridis strains showed slow growth on TSA with leathery 
appearance, reaching a diameter of 1.0 to 1.5 cm after seven days 
of incubation. The test strains produced a bluish green pigment on 
TSA which diffused in to the medium. Slide cultures showed the 
extensive branched mycelia with spores, borne laterally and 
terminally on short sporophores (Table 3). The Gram positive 
strains degraded starch, casein and tyrosine. All the strains failed 
to grow in medium containing 5% sodium chloride. All the strains 
utilized xylose, lactose and sucrose (Table 4). 
4.3 Antibiotic resistance profile 
Antibiotic resistance or sensitivity pattern of isolates of 
thermophilic actinomycetes against common antibacterial drugs 
were studied and are depicted in Table 5 and 6 (Plate VI). All the 
strains tested varied in their response to different concentrations 
of antibacterial drugs examined. Majority of thermophilic 
actinomycetes were sensitive to all the tested antibiotics at their 
respective concentrations (Table 5). No growth inhibition was 
detected with nalidixic acid and novobiocin. Only T.fusca and 
S.viridis were resistant to ampicilin (10 meg/disc), although 
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The inhibition zones of sensitive strains to the tested antibiotics 
varied between 6 mm to 32 mm (Table 6, Fig. l ) . When comparing 
the means of zones of inhibition produced against each TAs by the 
tested antibiotics, tetracyciin was found highly sensitive followed 
by deoxycycline. 
4.4 Prevalence of thermophilic actinomycetes in plant 
materials 
Plant materials were collected from different agri-sites of 
Uttar Pradesh. The distribution of thermophilic actinomycetes in 
diverse plant materials examined are depicted in table 7. Of the 
375 plant samples, 63% samples yielded one or more thermophilic 
actinomycetes. Thermoactinomyces vulgaris was found to be the 
highly prevalent species in all the plant samples (31.1%) examined 
followed by Saccharopolyspora rectivirgula (24.1%), 
T.thalpophilus (19.3%), T.sacchari (13.3%), Saccharomonospora 
viridis (7.9%) and Thermomonospora fusca (4.3%). 
Rice husk samples collected from rice mill and farm houses, 
yielded T.thalpophilus (45%), T.vulgaris (30%) and only one 
sample showed T.fusca. Five paddy straw samples were positive 
for T.vulgar is, four for each of the T.thalpophilus and S. 
rectivirgula followed by two for T.fusca. On the other hand, of the 
20 paddy grain samples screened, TAs were recovered from 55% 
of the samples out of which, 45% samples revealed T.vulgaris 
whereas, only 10% samples showed T.thalpophilus. S.rectivirgula 
was recovered from one sample only. T.vulgaris, T.thalpophilus 
and S.rectivirgula were also recovered from mustard seed samples 
(Table 7). Wheat grain and straw samples yielded T.vulgar is and 
T. thalpophilus. However, the majority of straw samples produced 
S. rectivirgula followed by T.vulgar is and T.thalpophilus. 
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Tv- T.vulgaris, Tt- T.thalpophilus, Ts- T.sacchari, Sr- S.rectivirgula, Tf- T.fusca ,Sv- S.viridis 
Figure in parenthesis represents the percent prevalence. 
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TabIe-8 Population density (mean cfu><104/g) of clinically important 












Feed waste (Poultry) 
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The most frequently encountered species in hay sample was 
S.rectivirgula (67.7%) followed by T.vulgaris (64.5%), 
T.thalpophilus (37.6%) and S.viridis and T.sacchari (10.7% each) 
(Fig. 2). The composted hay samples collected from the raw sugar 
preparation site at the farming fields, Behjoi, Chandausi and Bilari 
were positive for T. vulgaris (70%), T.sacchari (60%) and 30% 
each for S.rectivirgula (60%), T.thalpophilus and T.fusca . 
Poultry feed waste and decomposing rice husk from Zaidi 
poultry farm, Meerut, showed the prevalence of all the six species 
of thermophilic actinomycetes. S.rectivirgula, T.sacchari and S. 
viridis were predominant in all the poultry feed samples examined 
followed by T.fusca in 31.8% samples. The bagasse samples 
yielded highest count of T.sacchari (66.6%) followed by 
T.vulgaris (58.7%), T.thalpophilus (38.1%), S.rectivirgula, and 
S.viridis (31.7% each). T.fusca was recovered in comparatively 
lower number of samples (4.76%) (Table 7). T.thalpophilus, 
S.rectivirgula and T.vulgaris were recovered from cotton dust 
samples. Whereas, none of the other TAs were recovered from 
cotton dust samples. Maize sample exhibited only T.vulgaris. 60% 
of the cowdung samples yielded T.vulgaris, T.thalpophilus and 
S.viridis, whereas, oilcake samples did not yield any of 
thermophilic actinomycetes. 
The data on population densities (mean cfuxl04/g) of TAs in 
the tested plant materials are presented in Table 8. Stored hay 
from farm houses and agricultural fields carried the highest 
population density of T.vulgaris in paddy straw (2.4 xlO4 cfu/g) 
followed by wheat grain (2.2xlO4 cfu/g) and wheat straw (1.8xl04 
cfu/g). In general, T.sacchari showed relatively highest count (6.2 
xlO4 cfu/g) in bagasse followed by S.rectivirgula (5.1xl04cfu/g) as 
compared to all other species of thermophilic actinomycetes. The 
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population density of T.fusca was also more in bagasse (3.0* 104 
cfu/ug) as compared to other plant materials. In general, all the 
plant materials collected from different sources in Uttar Pradesh, 
showed varied populations of clinically important thermophilic 
actinomycetes. 
4.5 Abundance of thermophilic actinomycetes in soil samples 
The overall prevalence of six selected thermophilic 
actinomycetes in soil samples from agriculture environment varied 
from sample to sample (Table 9). T.vulgaris was found to be more 
abundant (33.0%) as compared to S.rectivirgula (20.8%), 
T.thalpophilus (18.2%), T.sacchari (15.6%), S.viridis (7.8%) and 
T.fusca (4.3%). T. vulgaris was present in most of the soil samples 
collected from agricultural fields of kuarsi government farm, 
Aligarh. S.rectivirgula was present in 8 samples, whereas 
T.thalpophilus in 5, T.sacchari and S.viridis in 3 and 1 sample 
respectively. 
In Zaidi poultry farm, Meerut, the presence of T.fusca and S. 
viridis were remarkably more i.e. in 50% of soil samples collected 
from inside the poultry farm shed (Fig. 3). However, T.fusca was 
not found in rest of the soil samples collected from other sites. 
Farming fields near Harduaganj thermal power station, yielded 
highest frequency of T.vulgaris (60%) as compared to 
T.thalpophilus (40%). 
I 
Dairy farm at Jamalpur, the main residential area of Aligarh 
with about 100 buffaloes was included in the study as well. Ten 
soil samples were collected from the area of stored hay, oilcake, 
and the settled dust on the floor of the buffalo sheds. 
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Table-9 Distribution of clinically important thermophilic actinomycetes in 
soil samples collected from different agro-environments of Uttar Pradesh, 
India 
Collection site 




Zaidi Poultry farm, 
Meerut 






Flour mill, Babrala 
Venus sugar mill, 
Bijnour 
No. of+ve samples 









Number of samples yielding 







Total 65/92 38 21 18 24 
(33.0) (18.2) (15.6) (20.8) (4.3) (7.8) 
Tv- T.vulgaris, Tt- T.thalpophilus, Ts- T.sacchari, Sr- S.rectivirgula, Tf- T.fusca ,Sv- S.virdis 
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Table-10 Population density (mean cfuxl04/g) of clinically important 
thermophilic actinomycetes in soil samples 
Collection site Tv Tt Ts Sr Tf Sv 
Rice mill, Sundila, 2.0 1.8 0 1.0 0 0 
Hardoi 
Agriculture farm, 1.1 1.2 0 1.25 1.0 1.0 
Kuarsi 
Zaidi Poultry farm, 1.0 2.14 0 1.75 0 1.4 
Meerut 
Saatha Sugar mill, 1.5 1.0 2.6 1.0 0 0 
Aligarh 
Farming fields, 1.2 1.5 1.4 1.0 0 0 
(Harduaganj) 
Dairy farm Jamalpur, 2.0 1.0 0 1.0 0 0 
Aligarh 
Flour mill (Babrala) 0 0 0 0 0 0 
Venus sugar mill 1.4 0 2.0 1.6 0 0 
(Bijnour) 
Mean 1.27 1.08 0.75 1.07 0.12 0.3 
Tv- T.vulgaris, Tt- T.thalpophilus, Ts- T.sacchari, Sr- S.rectivirgula, Tf- T.fusca ,Sv- S.viridis 
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The most prevalent thermophilic actinomycetes was S.viridis in 
30% of the soil samples collected from dairy farm (Fig.3) followed 
by T.vulgaris and T.thalpophilus in 20% samples. No trace of any 
thermophilic actinomycetes was found in the flour mill of Babrala, 
U.P., whereas, rice mill, Sundila did show occurrence of 
T.thalpophilus in five samples and T.vulgaris in 3 out of 10 soil 
samples examined from settled dust inside the rice mill. Out of 10 
soil samples collected from Saatha sugar mill, four samples 
yielded T.vulgaris, two samples yielded T.thalpophilus and 
S.rectivirgula each. But T.thalpophilus was not observed in any of 
the soil sample from Venus sugar mill. 70% and 50% of soil 
sample from both sugar mills were positive for T.sacchari (Fig. 3). 
The population density of T.sacchari was also high in the sugar 
mill with mean cfu/g (2.6xl04) in Saatha sugar mill and 2x 104 
mean cfu/g in Venus sugar mill. The highest population density of 
T.vulgaris was 2.0* 104 cfu/g in soil samples collected from rice 
mill, Sundila and dairy farm, Jamalpur (Table 10). The cfu/g of 
T.thalpophilus in soil of rice mill was 1.8xl04 and 2.14 xio4 cfu/g 
in Zaidi poultry farm, Meerut. S.rectivirgula was present in all the 
soil samples except flour mill, Babrala, with relatively more in 
poultry farm (1.75xl04 cfu/g) and Venus sugar mill (1.6xio4 
cfu/g). Soil samples collected from different agro-sites followed 
the similar trend of TAs prevalence as observed in the plant 
samples. 
4.6 Aeromicrobiological Survey 
4.6.1 Seasonal variation of thermophilic actinomycetes in 
farm environment 
Clinically important thermophilic actinomycetes prevalent 
aerially in agro-environments were counted by direct plate 
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Table-11 Seasonal variation of clinically important thermophilic 
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exposure method. Ten duplicate Petriplates of TSA and MYEA 
were exposed each month during January to December and the data 
recorded is presented in Table 11. The number of thermophilic 
actinomycetes per plate were almost same during January (1.1), 
February (0.22) and March (0.9). However, the populations 
increased from April (1.9) onwards with an increase in 
temperature. Maximum number of colonies of thermophilic 
actinomycetes were recorded during May (3.3) followed by June 
(2.1) which decreased during July and August. But again a sharp 
rise in the count occurred during October (3.5) after which a 
gradual decrease was noted (Fig 4). 
4.6.2 Thermophilic actinomycetes in agro-based environment 
The results of aerial survey of clinically important 
thermophilic actinomycetes carried out in some of the selected 
farming and industrial areas in Aligarh and its adjoining areas are 
described below. 
4.6.2.1 Dairy farm, Jamalpur 
Saccharomonospora viridis was found to be the 
commonest air borne thermophilic actinomycetes at the dairy 
farm i.e. 30.0% of the populations of thermophilic 
actinomycetes were recovered from this locality. It was 
followed by T.vulgaris (29.6%), T.thalpohilus (22.6%), 
S.rectivirgula (10.2%), T.fusca (5.1%) and T.sacchari (2.42) 
(Table 12). The relative density of colony forming units were 
different at different sites in the dairy farm (Fig.5). T.vulgaris 
and T.thalpophilus were more prevalent in the air of fodder 
store with 32.2% and 31.5% respectively while T.vulgaris was 
more in wheat straw store (44.1%). Dungcake showed 
presence of T.vulgaris and S.viridis only, but S. viridis were 
counted more frequently in each of the section of dairy farm. 
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Table-12 Aerial prevalence of thermophilic actinomycetes in Dairy 
farm, Jamalpur, Aligarh and Zaidi poultry farm, Meerut 
Exposure site 
Colony count Number 




Buffalo shed 18 36 30 0 8.0 65 4.0 23.8 
Fodder store 14 48 47 8.0 32 24.8 
Compost disposal 5.0 
Wheat straw store 10 
1.0 0 0 0 4.0 1.5 
15 6.0 0 12 0 1.0 5.7 




2.0 0 2.0 0 
8.0 1.0 0 10 8.0 5.0 5.3 
Total 62 110 84 9 38 111 19 








12 45 18.17 
1 15 42 0 20.8 
area 
Total 40 81 30 27 87 
(34.6) (12.8) (2.1) (11.5) (37.2) (1.7) 
Tv- T. vulgarisjt- T. thalpophilus, Ts- 71 sacchari, Sr-S. rectivirgula, Sv-S. viridis, Tf T.fusca 
Figure in parenthesis indicates^grgsatagg^population of the actinomycetes species. 
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T. vulgaris T.Thalpophilus T. sachhari S. rectivirgula S. viridis T.fusca 
• Buffalo shed • Fodder store D Compost disposal site • Wheat straw store • Dung cake store • Open area 
Fig.5-Quantitative aerial prevalence of Thermophilic acinomycetes in different areas of dairy farm. 
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The distribution of T.sacchari was restricted to the plates exposed 
in the fodder store only. 
4.6.2.2 Zaidi Poultry farm, Meerut 
The commonest aerially prevalent thermophilic 
actinomycetes in poultry farm was S.viridis (37.2%) followed by 
T.vulgaris (34.6%) (Table 12). T.thalpophilus and S.rectivirgula 
exhibited higher relative density in the air of litter disposal site 
than inside the poultry shed (Fig.6). Out of 234 colonies of 
thermophilic actinomycetes recovered from the Petriplates exposed 
in the poultry farm, only five of the strains belonged to T.sacchari 
and four to T.fusca. 
4.6.2.3 Cotton spining mill, Sundila 
Aerial prevalence of clinically important thermophilic 
actinomycetes in different sections of cotton spinning mill is 
presented in Table 13. Highly prevalent species among the total 
species recovered was T.vulgaris (55.4%) followed by 
T.thalpophilus (19.7%). The other thermophilic actinomycetes 
recorded were S.rectivirgula (15.9%), T.fusca (2.5%), T.sacchari 
(3.8%) and S.viridis (2.5%). The relative density of the six selected 
species in different sections varied considerably (Fig.7) where 
T.vulgaris (62.5%) and T.thalpophilus (20.4%) were more in the 
samples collected from speed frame of the cotton spinning mills. 
However, S.rectivirgula accounted for 31.7% in the samples 
collected from blow room. 
4.6.2.4 Saatha Sugar mill, Aligarh 
Out of 722 colonies appearing on plates exposed to different 
sections of sugar mill, 53.1% belonged to T.sacchari, 24.1% to 
T.vulgaris followed by T.thalpophilus (16.6%), S.rectivirgula 
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Table-13 Diversity of clinically important thermophilic actinomyetes in air 
samples collected from cotton spining Mill, sundila, Hardoi, U.P. India 
Number 




Tt Ts Sr Sv Tf Mean 
Blow room 18 13 0 6.83 
Carding room 20 0 5.33 
Drawing room 0 3.0 





















38 87 31 25 
(55.4) (19.7) (3.8) (15.9) (2.5) (2.5) 
Tv-T.vulgaris, Tt-T.thalpophilus, Ts-T.sacchari, Sr-S.rectivirgula, Sv-S.viridis,Tf- T.fusca 
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Table- 14 Aerial Prevalence of clinically important thermophilic 




















































































Ts-T.sacchari,Tv-T.vulgaris, Tt-T.thalpophilus, Sr-S.rectivirgula, Sv-S.viridis, Tf- T.fusca 
Figure in parenthesis represent relative percent count of clinically important 
thermophilic actinomycetes. 
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(4.6%) and S.viridis (1.7%). However, no trace of T.fusca was 
found on any of the 95 plates exposed to different sections of 
sugar mill (Table-14). The relative density of colony forming units 
on exposed plates varied in different areas of sugar mill (Fig. 8). 
T.thalpophilus and S.rectivirgula were more in sugarcane 
unloading area (lawn) of the mill. T.sacchari and T.vulgaris were 
found highly prevalent in crushing and baling room atmosphere. 
However, S.rectivirgula and S.viridis were not recovered from 
bagasse free sites of drier and carbonation rooms. 
4.6.3 Aerial Survey of thermophilic actinomycetes using Handy 
Sampler 
The number of spores of thermophilic actinomycetes per liter 
of air intake or inhaled by the subjects working under different 
agro-environments were surveyed by handy sampler. At each 
selected agri-sites, three membrane filters were exposed for 5 min. 
each. The average number of colony forming unit per liter of air 
inflow by handy sampler were determined by plating serially 
diluted suspension of particles from each membrane filters in 
normal saline and the data obtained is presented in Table 15. 
T.vulgaris and S.rectirvigula were highly prevalent (25.3% each) 
in the air surveyed followed by T.thalpophilus (21.9%), 
T.sacchari{\A3%), S.viridis (11.8%) and T.fusca (1.18%). The 
average number of cfu/liter of air of clinically important TAs 
varied from 0.7 to 2.36. A highest count of T.vulgaris (5.6 
cfuxlO /l) was recorded from the membrane filter exposed and 
operated at agricultural farm Kuarsi, Aligarh during wheat 
harvesting season while stacks of hay bales were in the field. The 
second highest prevaling site for T.vulgaris was agricultural fields 
of Harduaganj (4.3 cfus><103/l) followed by other sites, i.e. dairy 
farm, riding club, poultry farm, sugar mill and lowest count of 
T.vulgaris was recovered from godowns of Food Corporation of 
India (Table 15). 
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Table- 15 Population densities of thermophilic actinomycetes recovered 
from different agricultural sites using handy sampler 
-5 
Sites Surveyed Mean colony count ( *10/L of air) 
Agricultural field, Harduaganj U.P. 
Riding Club, A.M.U. Aligarh 
Agricultural farm, Kuarsi, Aligarh 
Zaidi Poultry farm, Meerut. 
Godown (F.C.I.), Aligarh 
Dairy framjamalpur, Aligarh 

























































Mean(CfWL) 3.01 3.6 1.7 3 0.14 1.4 
(25.3) (21.9) (14.3) (25.3) (1.18) (11.8) 
Tv-T.vulgaris, It-T.thalpophilus, Ts-T.sacchari, Sr-S.rectivirgula, Tf- T.fusca, Sv-S..viridis 
Figure in parenthesis indicates the percent prevalence of thermophilic actinomycetes 
in different agri-sites 
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The membrane filter disc exposed during the study yielded 
fever counts of T.sacchari in comparison to disc exposed to the 
sugarcane unloading area of Saatha sugar mill, which yielded 5.6 
cfusxl03/l . The most frequently recovered thermophilic 
actinomycetes from the air of all the agro-sites studied was 
S.rectivirgula that ranged between 4.7 cfu *103/1 to 3.7 cfu *103/1. 
The overall count of T.fusca was found to be quite low in the air 
of the selected sites. However, S.viridis was not recovered from 
all the sites but showed a marked count in samples collected from 
dairy farm (4.3cfuxl03/l) and poultry farm (3.6 cfu x 103/l). 
4.6.7 Serological characterization of thermophilic 
actinomycetes 
Antigenic characterization is not only useful for rapid 
identification but can also provide information about the 
relatedness amongst the organisms. However, the first step in this 
process is the production and characterization of antigens from 
various actinomycetes species. Antisera against TAs were 
produced in New Zealand white rabbits. 
4.7.1 Immunodiffusion analysis 
Immunodiffusion experiment with the cultural filterate 
antigens of T. vulgaris, T.thalpophilus, T.sacchari and 
S.rectivirgula showed that all organism reacted strongly with their 
homologous antisera. However, the precipitin bands patterns were 
indistinct, making comparison of the species uncertain. Much clear 
bands were obtained with culture filterates after 70% ammonium 










• • » 
• ^ ^ 
u CS 
u 
• • M 
^ 





















































































































































































































bands. These antigenic protein fractions were concentrated upto 5 
mg/ml. 50 |il of these antigenic proteins were found enough for the 
detection of precipitin bands in double immunodiffusion (DID) test 
against their respective homologous antisera and the sera of the 
subjects surveyed. The number of clear and diffused precipitin 
bands against the respective antisera are depicted in Table 16. 
Three strong precipitin bands were noted between homologous 
antisera and antigen of T.vulgaris and S.rectivirgula, whereas, two 
strong precipitin bands were recorded against T.thalpophilus and 
T.sacchari. However, T.sacchari also showed two diffused weak 
precipitin bands. Antisera raised against T.thalpophilus showed 
two diffused weak precipitin bands against the antigen of 
S.rectivirgula indicating the antigenic cross reactivity between the 
antisera of T.thalpophilus and antigen of S.rectivirgula. 
The active antigenic proteins (5 mg/ml) were further purified 
by gel filteration in order to get fraction of proteins showing 
identical precipitin bands against their respective antisera. Two 
consecutive fractions of gel filteration prepared from T.vulgaris 
antigen showed identical strong precipitin bands whereas three 
identical strong precipitin bands were observed with three 
consecutive fractions of T.thalpophilus antigen (Plate VII a&b). 
T.sacchari antigen, demonstrated strong bands which were 
identical (Plate VIII c). The three strong identical precipitin band 
fractions were pooled and again tested for it's precipitin reaction 
against it's antisera. The pooled antigenic fractions gave a single 
strong precipitin band which was further used for ELISA studies. 
Cross reactivity was detected only between the antigens of 
S.rectivirgula and antisera of T.sacchari (Plate Vile) where 
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antigen of T.sacchari in well 1,2,3 showed three identical bands 
against its antisera in the central well of the DID plate. However, 
three non-identical precipitin bands were noted against the 
purified S.rectivirgula antigen as well. Therefore, only four 
fractions showing identical bands were pooled and were used in 
later studies. The number of strong precipitin bands and a few 
very weak bands were also obtained from the purified protein 
fractions of the different antigens. The intensity of very weak and 
diffused bands later on diminished on subsequent staining with 
coomassie brilliant blue and therefore, were not visible in the 
photograph. The strong precipitin bands were then considered as 
highly antigenic and were used as purified antigenic protein for 
the analysis of anti-human IgG in the ELISA test. 
4.7.2 Enzyme Linked Immunosorbent Assay (ELISA) 
The use of Enzyme linked immunosorbent assay in 
quantitative and qualitative procedure is relatively recent. The 
ELISA procedures are simple, flexible and efficient with respect 
to time, reagents and equipment, yet are highly sensitive compared 
to other serological methods. The specificity of method is 
primarily governed by the purity of the antibodies i.e. if the 
antibodies are specific and non-cross reactive, the results will be 
highly unambiguous. In the present study, the ELISA was used 
which enabled the precise detection of antibodies against aerially 
prevalent thermophilic actinomycetes in the sera of workers 
exposed to different agro-climatic conditions. Following studies 
were made using ELISA techniques: 
1) Standardization of method for the determination of antigen 
titre and 
90 
2) Detection of specific IgG antibodies in the sera samples 
collected from the agro-industrial workers. 
4.7.2.1 Standardization of method 
Using trial and error method, the optimum conditions for 
ELISA was determined. The purified antigens of T.vulgaris, 
T.thalpophilus T.sacchari and Saccharopolyspora rectivirgula 
were used for coating the polystyrene microtitre plates. The sera 
of exposed symptomatic, asymptomatic and unexposed healthy 
controls were tested against serially diluted antigens. Horse-radish 
peroxidase conjugated anti-human IgG antibodies was used as 
second antibody. Three dilution of each serum were tested in the 
assay. A positive control serum (symptomatic) as well as the sera 
which was considered negative to all antigens were included in 
every test. The absorbance values of the serum of the individual 
subjects were plotted and the value exceeding the mean 
absorbance value of unexposed healthy control sera plus 3 
standard deviation were considered positive. The optimum 
conditions determined were as follows-
Antigen coating 2 h at 37°C in carbonate buffer 
Blocking 2 h at 37°C in PBS-Gelatin-Tween-20 
Sera incubation 1 h at 37°C, dilution 1:100 
Conjugated 2 h at 37°C , dilution 1:3000 in PBS-T 
Antihuman IgG 
incubation 
Substrate ortho-phenyldiamine; 40 mg/100 ml in citrate 
phosphate buffer cantaining H2O2(0.003%) 
Development of 20-25 min at room temperature, 
reaction 
Termination of 50 |il of 5N H2S04 / well 
reaction 
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4.7.2.2 Antigen titer determination 
Preliminary experiments, were run to optimize the condition 
for ELISA. Using these conditions, various dilutions of antigens of 
clinically important TAs were tested with symptomatic and 
asymptomatic human sera. In general, higher concentration of 
antigens resulted in higher ELISA values in all the symptomatic 
and asymptomatic cases. However, the ELISA values were less in 
asymptomatic cases as compared to symptomatic cases at higher 
concentration (Fig.9a,b,c,d).The ELISA absorbence values (A,A 
492 nm) varied from 0.854 to 0.202 among precipitin positive 
symptomatic human sera exposed to different thermophilic 
actinomycetes. However, among asymptomatic precipitin positive 
subjects the absorbance values varied from 0.499 to 0.146 using 
all the thermophilic actinomycetes antigens. In general, 25 mg/ml 
of antigens prepared from each thermophilic actinomycetes was 
found sufficient to detect the IgG antibodies in the sera of both 
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Fig. 9c Demonstration of IgG activity against T.thalpophilus 
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Fig. 9d Demonstration of IgG activity against T. sacchari 
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4.8 Prevalence of thermophilic actinomycetes among agro-
industrial workers 
Clinically important thermophilic actinomycetes prevalent 
aerially in cotton spinning mill, Hardoi and Saatha sugar mill, 
Aligarh, were evaluated to find out their effect on the workers 
exposed to these organisms. The workers (n=115) were examined 
for the symptoms, on the basis of which hypersensitivity 
pneumonitis were recognized (Table 17). The cotton spinning mill 
workers showed cough with expectoration, wheezing, dyspnoea 
and loss of appettite and weight. 43.6% sugar mill subjects showed 
dry cough, 34.5% wheezing and dyspnoea and 25.5% showed 
malaise. However, chill with fever, chest tightness and chest pains 
were less frequent in workers exposed to the environment both the 
mills. 
Precipitin reactions against selected thermophilic 
actinomycetes in the sera of smoker and nonsmoking workers of 
sugar mill and cotton mill were also studied (Table 18). Majority 
of the symptomatic (Cotton spinning mill workers) subjects were 
precipitin positive in the age group of 26- 35 years including 
23.7% smokers and 29.4% nonsmokers. However, three 
nonsmokers were precipitin positive among asymptomatic subjects 
whereas none were precipitin positive among smokers. The sera of 
sugar mill symptomatic subjects (26-35year) were more precipitin 
positive (>30%) in both smokers and nonsmokers as compared to 
other age groups. Of the thirty three sera of asymptomatic subjects 
(26-37year), 2 1 % were precipitin positive among nonsmokers. In 
general, the precipitin reactions against selected thermophilic 
actinomycetes in the sera of smokers working in cotton spinning 
mill varied between 20 to 37% respectively. Smokers and 
nonsmokers in sugar mill were more precipitin positive as 
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Table- 17 Clinical symptoms among cotton spinning mill and sugar mill 
workers* 
Symptoms of Hypersensitivity No. of Cases studied Percentage symptoms 
pneumonitis 
Cotton mill Sugar mill Cotton mill Sugar mill 
Dry cough 2 0 24 3 3.3 43.6 
Cough with expectorations , 3 2 10 5 3.3 18.2 
Wheezing 4 6 19 7 6.7 34.5 
Chill with fever 12 5 2 0 9.1 
Dyspnoea 2 0 19 3 3.3 34.5 
Malaise 10 14 16.7 25.5 
Chest pain 2 0 3.3 3 0.0 
Chest tightness 7 5 11.7 9.1 
Loss of appetite and weight 28 12 46.7 21.8 
* Number of cotton spinning mill workers studied = 60 
* Number of sugar mill workers studied = 55 
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Table- 18 Distribution of precipitin against TAs in the sera of smokers 
and nonsmokers of cotton spinning mill and sugar mill workers 
Category 























































compared to the cotton spinning mill workers (Table 18). In 
general, the subjects above 35 years of age were less precipitin 
positive and a lower numbers of precipitin positive cases were also 
noted in smokers than nonsmokers. Precipitin reactions in 
symptomatic and asymptomatic workers varied considerably. 
S.rectivirgula were more precipitin positive among both 
symptomatic (30%) and asymptomatic cases (10%) followed by 
T.thalpophilus (16.6%) and T. vulgar is (6.6%) among cotton mill 
workers. However, all the sera were precipitin negative against 
T.sacchari. One of the symptomatic subject's (16-25year) serum 
was precipitin positive for both S.rectivirgula and T.vulgaris, 
which was counted individually against both the antigen. 
Similarly, one of the symptomatic serum of sugar mill workers 
(26-35year) was precipitin positive against both S.rectivirgula and 
T.thalpophilus (Table 19). The sera samples of 22 symptomatic 
workers showed maximum precipitin reactions against T.sacchari 
followed by S.rectivirgula. 
4.8.1 Immunoglobulin G in the sera of cotton spinning and 
sugar mill workers using ELISA 
Specific IgG antibodies in the sera of cotton spinning mill 
and sugar mill workers were detected using ELISA. A comparative 
data of precipitin positive and ELISA values (mean O.D. ± SD) for 
IgG determination in the sera of workers of both the mills are 
presented in Table 20 and 21. Of the 60 cotton mill workers 
studied,out of 9 precipitin positive sera of symptomatic subjects 
against S.rectivirgula antigen, 8 were ELISA positive as well. 
Interestingly, of the 21 precipitin negative subjects, 3 were also 
ELISA positive. Among asymptomatic subjects, 3 were ELISA 
positive in precipitin negative subjects as well (Fig. 10). The sera 
of five symptomatic subjects were also positive for both precipitin 
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Table-19 DID positive sera samples of workers exposed to thermophilic 




























































































































Sr-S. rectivirgula, Tt-T. thalpophilus, Tv-T. vulgaris, Ts-T.sacchari 
Figure in parenthesis represents percent prevalence. 
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Table-20 Detection of antibodies in the sera of cotton spinning mill workers 
(n=60) using DID and ELISA (mean O.D. + S.D., XA 492 nm) 
Species Symptomatic Asymptomatic Control 
Precipitin Precipitin Precipitin Precipitin subjects 
+ve -ve +ve -ve 
S.rectivirgula 9 21 3 27 10 
ELISAvalues (0.35±0.07) (0.19±0.08) (0.34±0.03) (0.15±0.07) (0.11±0.047) 
T.thalpophilus 5 25 0 30 10 
ELSIA values (0.36±0.12) (0.14±0.06) (0.14±0.07) (0.08±0.04) 
T.sacchari 0 30 0 30 10 
ELISAvalues (0.115±0.36) (0.10±0.19) (0.89±0.025) 
T.vulagris 2 28 0 30 10 
ELSIA values (0.499±0.025) (0.14±0.067) (0.14±0.038) (0.94±0.03) 
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Each circle represents the IgG titre of individual sera against respective antigens. 
Each doted line represents Mean +3.S D values of IgG in control sera against respective antigens. 
Fig. 10 - Precipitin reactions and ELISA values of the serum (IgG) collected from Cotton mill subjects. 
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and ELISA reaction (0.036 ± 0.12) against T.thalpophilus antigen. 
The sera samples of two symptomatic workers were precipitin and 
ELISA positive against T.vulgaris, 2 out of 28 precipitin negative 
sera were also ELISA positive. However, all the sera samples 
collected from 30 asymptomatic subjects were precipitin negative 
and ELISA negative against T.vulgaris antigens. The antigen of 
T.sacchari did not react in precipitin test against any of the sera 
collected from cotton spinning mill subjects. Two subjects were 
found ELISA positive against T.sacchari among the symptomatic 
precipitin negative group (Fig 10). 
Similarly, the presence of IgG antibodies in the sera of sugar 
mill workers were determined using ELISA test. In 55 sugar mill 
workers, T.sacchari antigens exhibited both precipitin and ELISA 
positive reactions in the sera of seven symptomatic and three 
asymptomatic subjects (Table 21). Whereas, among 15 precipitin 
negative symptomatic group, three were ELISA positive and 
among 30 asymptomatic sera, four were ELISA positive (Fig. 11). 
The ELISA mean absorbance values (A, A 492 nm) against 
S.rectivirgula antigen were higher in the precipitin positive sera of 
symptomatic (0.45+ 0.056) and asymptomatic sera (0.45±0.041) as 
compared to their respective precipitin negative sera. The 
precipitin negative sera were also ELISA negative against the 
antigen of T.thalpophilus. Three symptomatic cases were positive 
for precipitin and ELISA reactions against T.vulgaris (Fig . l l J . 
The ELISA absorbance values varied from subjects to subjects 
according to the individuals susceptibility towards the antigens. 
The mean absorbance values in the sera of symptomatic and 
asymptomatic precipitin positive against four selected antigens of 
thermophilic actinomycetes were found to be significantly higher 
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Table-21 Detection of antibodies in the sera of sugar mill workers (n=55) 
using DID and ELISA (mean O.D. ±S.D, XA 4 9 2 n m ) 
•ve +ve -ve 
Control Symptomatic Asymptomatic 
Species ~""""" 
v subjects 
Preciptin Preciptin Preciptin Preciptin 
+ve 
T. thalpophilus 2 20 2 31 10 
ELISAvalues (0.47±0.013) (0.162±0.046) (0.338±0.076) (0.151±0.062) (0.08±0.046) 
T. vulgaris 3 19 2 31 10 
ELISAvalues (0.459±0.089) (0.131±0.037) (0.452±0.053) (0.113±0.035) (0.094±0.055) 
S. rectivirgula 4 8 3 30 10 
ELISAvalues (0.458±0.056) (0.221±0.01) (0.452±0.041) (0.19±0.096) (0.157±0.037) 
T.sacchari 7 15 3 30 10 
ELISA value (0.447±0.109) (0.295±0.081) (0.408±0.013) (0.22±0.075) (0.152±0.04) 
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than respective precipitin negative subjects (P<0.05) or the 
unexposed healthy control. 
4.9 Respiratory allergies among non-farmers and farmers 
Subjects (n=580) complaining respiratory disorders were 
investigated from February 1999 to August 2000 at J.N.Medical 
College, A.M.U. Aligarh. Subjects selected belonged to non-
farming populations (n=300) and farming populations (n=280). 
The farming populations included, part time (n=151) and full time 
farmers (n=129). The symptoms associated with the respiratory 
allergies are presented in Table 22. The history of farmers 
revealed that the atopy or asthma was not prevalent among them. 
10% of the farming population were reported to have family 
history of farmer's lung disease whereas 3.6% urban subjects 
residing in villages also reported family history of farmer's lung 
disease in their parents or their relatives after exposure to moldy 
hay. Farmers (20%) including, 34 part time and 22 full time 
farmers had past history of respiratory diseases. However, higher 
number of non-farmers (33%) reported to have past history of 
respiratory allergies. The current wheezing was significantly lower 
in farmers as compared to non-farmers (12.1 Vs 15%) with higher 
number showing chill with fever after 4 to 6 h of work (12.9 Vs 
3%). Among farmers, the symptoms of farmer's lung disease, like 
wheeze, chill with fever, chest tightness/ pain were less significant 
among full time farming groups. 
Doctor's diagnosis of respiratory ailments was significantly 
lower in farmers (28.6%) as compared to non-farmers (41.7%). 
Most of the subjects from farming populations were educationally 
backward or were educated upto 5 th standard as compared to 
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in 9.3% of urban groups and none from farmers, whereas, water air 
cooler were used by 29.3% of the farmers (Table 23). The wood or 
coal were used for cooking purposes by most of the families living 
in villages. The animal sheds and water holding places from the 
farm environment were reported by 64% of subjects to have indoor 
dampness. The use of antibiotics was reported more by farming 
subjects than non-farmers. Homeopathic treatment for common 
cold, fever and viral were reported by higher number of non-
farmers (9.3%) as compared to farmers (2.9%). 
Double Immunodiffusion (DID) and enzyme linked 
immunosorbent assay (ELISA) used for detection of antibody to 
the thermophilic actinomycetes associated with FLD are presented 
in Table 24. Out of 85 sera samples collected from non-farmers, 5 
sera samples were both precipitin and ELISA positive against S. 
rectivirgula antigen. Two sera samples were precipitin negative 
but were ELISA positive against the antigens of S. rectivirgula and 
T. vulgaris. However, majority of the sera collected from non-
farming groups were both precipitin and ELISA negative. The 
subjects exhibiting positive DID or ELISA reaction against TAs 
showed symptoms of wheezing, chill with fever, chest 
tightness/pain and dyspneoa after 4 to 6 h of exposure to dust of 
the urban environment. Farming populations (n=147) that included 
both symptomatic and asymptomatic subjects were also tested for 
precipitin and IgG antibodies against the TAs antigens. The 
farming population were found more precipitin and ELISA 
positive as compared to non-farmers. 
A comparison of the detection of antibodies through ELISA 
and DID technique is presented in Table 25. The sera collected 
from farmers and non-farmers showed 44.6% and 47.4% 
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sensitive than DID in the detection of antibodies against TAs 
antigens. However, 29% and 16.2% of the sera collected from 
non-farmers and farmers respectively were DID positive but were 
ELISA negative. To demonstrate the diagnostic value of ELISA, it 
was decided to determine whether the sera of subjects represent 
the symptoms of hypersensitive pnuemonitis that would have been 
undetected by DID. Furthermore, the sera from subjects showing 
negative ELISA but positive DID may represent cases of HP that 
would have been undetected by ELISA. Therefore, on the basis of 
symptoms, subjects were differentiated into symptomatic and 
asymptomatic groups. ELISA values for IgG antibodies and DID 
positive cases among the symptomatic as well as asymptomatic 
sera samples of the farming population (n=147) are presented in 
Table 26. 
Most of the farmer's sera were precipitin positive to one or 
more of the tested antigens of TAs. The symptomatic precipitin 
positive sera against S.rectivirgula were ELISA positive and half 
of the precipitin negative sera were also ELISA positive. However, 
21 ELISA positive sera were also recorded from asymptomatic 
precipitin negative group. Out of eleven symptomatic subject's 
precipitin positive sera, 8 were ELISA positive against T.vulgaris. 
Four of the asymptomatic precipitin positive subjects were ELISA 
negative (Fig. 12). The sera samples collected from symptomatic 
subjects (n=8) were DID positive against T.thalpophilus whereas, 
six of the sera samples were positive in ELISA against 
T.thalpophilus. The precipitin positive sera samples against T. 
sacchari antigen were all ELISA positive both in symptomatic and 
asymptomatic group. However, precipitin negative groups were 
also found ELISA positive. The data presented in Table 26, 
showed that the mean absorbance values for IgG antibodies against 
in 
Table-26 Detection of antibodies in the sera of farming population using DID and 
ELISA TAs antigens (mean O.D. ± S.D., XA 492 nm) 
Species Symptomatic Asymptomat ic Control 
subject 
Precipitin Precipitin Precipitin Precipitin 
+ve -ve +ve -ve 
S.rectivirgula 10 20 15 102 20 
ELISA values (0.358±0.098) (0.197+0.068). (0.243±0.108) (0.121±0.098) (0.99±0.033) 
T.vulgaris 11 19 10 ' 1 0 7 20 
ELISA values (0.299±0.125) CO. 155+0.101) (0.265±0.124) (0.134±0.06) (0.094±0.35) 
T.thalpophilus 8 22 11 106 20 
ELISA values (0.3 15+0.146) (0.148±0.057) (0.268±0.086) (0.1214±0.120) (0.087±0.030) 
T.sacchari 5 25 5 112 20 
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different TAs antigens in the sera of precipitin positive 
symptomatic and asymptomatic were significantly (P<0.05) higher 






Thermoactinomyces vulgaris colony on tryptic soy 
agar after 4 days of incubation. 
Thermoactinomyces thalpophilus colony on tryptic soy 
agar after 4 days of incubation. 
PLATE! 
PLATE I 
Thermomonospora fusca colony on tryptic soy agar 
after 24 h of incubation. 
Thermomonospora fusca colonies showing white 




4 days old culture of Thermoactinomyces thalpophilus 
on tryptic soy agar showing sessil spores arranged 
laterally on mycelia. 
4 days old culture of Thermoactinomyces sacchari on 
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c) 3 days old culture of Saccharopolyspora rectivirgula 
showing chains of spores at right angle to the 
mycelium. 
d) 4 days old culture of Thermomonospora fusca showing 
sessil spores and cluster of spores due to repeated 




a) 4 days old colony of Thermonoactinomyces 
thalpophilus. 





a) Thermoactinomyces vulgaris colony showing zone of 
starch hydrolysis. 





a) 3 days old colony of Thermoactinomyces vulgaris. 
b) 3 days old colony of Saccharopolyspora rectivirgula. 
PLATE-V 
PLATE VI 
Sensitivity/ resistance profile of TAs towards antimicrobial 
drugs. 
a) 24 h old culture of Thermoactinomyces vulgaris 
showing zone of inhibition against chloramphenicol. 
b) 2 day old culture of Thermoactinomyces thalpophilus 
showing zone of inhibition against ampicillin. 
PLATE-VI 
PLATE VI 
2 days old culture of Saccharopolyspora rectivirgula 
showing sensitivity to ampicillin, methicillin, 
chloramphenicol and resistance to nalidixic acid. 
2 days old culture of Thermoactinomyces sacchari 
showing sensitivity to ampicillin, tetracycline, 
chloramphenicol and resistance to novobiocin. 
2days old culture of Thermomonospora fusca showing 
sensitivity to tetracyline, weakly sensitive to 
chloramphenical and resistance to novobiocin. 
PLATE-VI 
PLATE VII 
Immunodiffusion patterns with TAs antigens and their 
antisera 
a) The central well contains antisera raised against 
Thermoactinomyces vulgaris where peripheral wells 
contained cultural filterate antigens of T. vulgaris. 
Note:- well 1 and 2 showed identical bands. 
b) The central well contain antisera raised against 
Thermoactinomyces thalpophilus whereas peripheral 
wells contain antigens of T. thalpophilus. 
Note:-well 1, 2 and 3 showed strong bands 
c) The central well contains antisera raised against 
Thermoactinomyces sacchari whereas peripheral wells 
contained antigens of T. sacchari. 
Note:- well 1, 2 and 3 showed strong identical bands and 




The central well contains antisera raised against 
Saccharopolyspora rectivirgula whereas peripheral wells 
contained antigens of S. rectivirgula. 
Note:-well land 2 showed strong bands 
The central well contains antisera raised against 
Thermoactinomyces sacchari whereas peripheral wells 
1,2 and 3 contain antigens of T.sacchari and peripheral 
wells 4, 5 and 6 contained purified antigen of 
S. rectivirgula. 




Human populations are exposed to allergens originating from 
diverse kinds of agricultural practices in the different regions of 
the world. Improved and intensive agricultural practices in the 
state of Uttar Pradesh, India, has taken up industrial face. The 
nature of the resulting hazards to which farmers are exposed are of 
diverse variety. It has been noticed that agricultural work is 
associated with exposure to respiratory bio-hazards like bacteria, 
fungi, organic dust and thermophilic actinomycetes (Pepys, 1969.; 
Zejda and Dosman, 1993) . Thermophilic actinomycetes are 
ubiquitous in nature and found almost in every decomposing 
organic matter where temperature reaches above 45°C. Agro-based 
industries deal with mouldy materials such as bagasse, grain, 
cotton, wheat straw, rice husk etc, which are also source of the 
thermophilic actinomycetes (Lacey and Crook, 1988). The 
repeated inhalation of their spores by the workers result in 
inflammation of lung parenchyma which is characterized by 
episodes of breathlessness, chills, fever and cough dysponea in 4 
to 6 hours of exposure. Continuous exposure causes severe 
hypersensitivity pneumonitis which leads to pulmonary fibrosis in 
the patients of farmer's lung disease (Richerson el al., 1989). 
Thermophilic actinomycetes forms a significant component of 
microbiota of many natural organic substrates undergoing 
decomposition and spontaneous heating. They are the important air 
contaminants of occupational environment such as agriculture 
based composts. Airborne actinomycetes species have been related 
to the incidence of allergic response and other severe health 
effects (Lacey and Dutkiewicz, 1994). TAs also causes asthma and 
other hypersensitivity pneumonitis (HP) in workers exposed to 
different agro-climatic environment. Farmer's lung disease is the 
most common forms of HP caused when subjects are exposed to 
the spores of airborne actinomycetes (Reponen et al., 1998). The 
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objective of these studies was to find out the prevalence pattern of 
thermophilic actinomycetes and their association with HP among 
the local farmers and agro-industries workers. 
In the present study, the morphological characters of 
clinically important TAs like T.thalpophilus, T.vulgaris, 
T.sacchari, S.rectivirgula, S.viridis and T.fusca were studied. The 
six TAs differed in their morphological characters. As expected, 
the findings agreed with those of Cross and Goodfellow, 1973; 
Lacey and Cross (1989) and Agarwal et al. (1997). 
Thermophilic actinomycetes grown at 50°C were further 
assayed for their ability to degrade casein, tyrosine, xanthine, 
esculin, arbutin and starch. In the present study, both 
T.thalpophilus and T.vulgaris produced white colonies and 
therefore, the differentiation between the two species was 
difficult. However, among the two species, only T.thalpophilus 
hydrolysed starch and, therefore, the hydrolysis of starch was used 
as a marker for differentiation between the species. S.rectivirgula 
degraded the casein which is contrary to the finding of Agarwal et 
al. (1997) but supports the finding of Kurup and Agre (1983). 
S.rectivirgula grew in TSA medium supplemented with 10% NaCl, 
where as all other TAs fail to grow in the same medium. Similar 
observations have also been reported by Korn-Wendisch et al. 
(1989). The tolerance to 10% NaCl can, therefore, be used as a 
marker for differentiation among species of Saccharopolyspora. 
Interestingly, all the thermophilic isolates utilized all the 
carbohydrates, but differed in their degradations properties of 
other substances tested. 
Low level resistance to a range of antibiotics has been used 
to characterize the organisms in order to develop therapy for 
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pathogenic microbes. However, the antibiotic resistance pattern or 
sensitivity of pathogens towards antimicrobial drugs varies from 
antibiotics to antibiotics and culture to culture. To detect the 
sensitivity of these agents (antibiotics), standard methods are 
therefore, needed to determine t h e emerging resistance among the 
organisms, guide the chemotherapy of the common, newer and rare 
isolates and to formulate a selective medium where a particular 
antibiotic can be used as a selective marker. 
In the present study, the disc diffusion method was employed 
to evaluate the sensitivity or resistant profile of different 
antibiotics against clinically important TAs. The results on the 
antibiotic resistance pattern of the selected TAs demonstrated the 
validity of this technique. TAs were either sensitive or responded 
poorly to streptomycin, chloramphenicol, trimaxazole,deoxycyclin, 
nitrofurantoin, tetracycline, methicillin and kanamycin. They were 
resistant to nalidixic acid and novobiocin and, therefore, these 
antibiotics can be used as a selective agent for the isolation of 
Thermoactinomyces spp. T.fusca and S.viridis showed resistance 
towards ampicillin which could be used as a selective marker for 
their isolation. In addition, T.fusca also showed resistance towards 
kanamycin to which all the TAs were sensitive. In general, all the 
TAs were resistant to one or more antibacterial drugs which varied 
between 10-40% among antibiotics tested. Among the TAs, T.fusca 
exhibited greater resistance towards all the antibiotics (40%) as 
compared to other TAs studied. 
Antibiotic resistance profile of the selected TAs was highly 
reproducible from experiment to experiment indicating that these 
characters were strongly persevered during the growth of these 
cultures. The variation in the sensitivity / resistance of TAs 
towards antimicrobial agents was further evaluated in terms of 
117 
their zone producing potential against various antibiotics using 
disc diffusion method. The inhibition zones of sensitive TAs to 
antibacterial drugs varied between 6 mm to 32 mm. Greater zone 
of inhibition was recorded with T.thalpophilus against tetracycline 
(32 mm) followed by T.vulgaris, T.fusca, S.rectivirgula, 
T.sacchari and S.viridis. The variations in the antibiotic resistance 
profile of the TAs could be due to several reasons, chief among 
these could be the different sensitivities of the TAs to antibiotics. 
Alternatively, it is also possible that the isolated TAs loose or 
gain antibiotic resistance marker while growing in different 
culture media at different temperature. The present study was 
conducted with relatively limited number of TAs and antibiotics, 
hence cannot discriminate between these two possibilities. A large 
number of both TAs and a range of antibiotics are therefore, 
needed to discriminate between the two possibilities. Similar 
studies have been conducted by Chaudhari et al. (1997) using 
different antibiotics against actinomycetes. It is therefore, 
suggested that extensive antimicrobial testing should be done 
against pathogenic TAs to prevent any chemotherapeutic failures. 
Further studies are however, needed in this direction to help 
formulate guidelines for therapy of actinomycetal diseases. 
The incidence of HP in the workers exposed to the 
bioallergens like T. vulgar is and S.rectivirgula and allied group of 
microorganisms were found to be widely distributed in a variety of 
plant materials and soil samples collected from different agro-
environments. T.vulgaris was the commonest species encountered 
in all types of plant materials (31.1%), like, hay, wheat grain, 
paddy grain and straw and soil samples (33%). In a similar study, 
Kotimaa et al. (1987) also found T.vulgaris as the most common 
thermophilic actinomycetes in hay and grain samples, stored in the 
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farm houses of Finland. Contrary to the findings of Kotimma et al. 
(1987), the population density of S.rectivirgula (3.1 x 104 cfu/g) in 
our study was more than T.vulgar is (1.6* 104 cfu/g) in the stored 
hay samples. Paddy straw samples also yielded higher counts of 
T.vulgaris (50%) followed by T.thalpophilus and S.rectivirgula. 
Similar observations were also made by Gangwar et al. (1989) 
where they showed paddy straw samples as the good substrate for 
the proliferation of T. vulgaris. As the pathogenicity of T.vulgaris 
has been confirmed by Unaogu and Gugnani (1999) and Unaogu et 
al. (1999), therefore, the determination of T.vulgaris in the plant 
materials surveyed are of great concern especially for the workers 
handling these agro-products. In general, hay samples were found 
as the most prolific source of nutrients for S.rectivirgula followed 
by T.vulgaris as compared to other substrates. The order of 
prevalence in the hay samples was S.rectivirgula > T.vulgaris > 
T.thalpophilus > T.sacchari > S.viridis. The hay substrate was 
followed by bagasse where the order of prevalence of thermophilic 
actinomycetes was T.sacchari > T.vulgar is > T.thalpophilus > 
S.rectivirgula > S.viridis > T.fusca. These thermophilic 
actinomycetes are known for their wide natural occurrence and 
have been reported from such diverse substrates as moldy hay 
(Ranalli et al., 1998), mushroom compost (Bogart et al., 1993), 
moldy silage (Dutkiewicz et al., 1989), marijuana (Kurup et al., 
1983) bagasse (Khan et al., 1995) and cotton dust (Lacey and 
Lacey, 1987). The cotton dust collected from spinning mill showed 
high population density of S.rectivirgula (2.5* 104 cfu/g) followed 
by T.thalpophilus and T.vulgaris. 
The TAs are the principal etiological agent of farmer's lung 
disease to which farmers are generally exposed. Therefore, 
workers should be made aware of the possible dangers of these 
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TAs. The occurrence of T.sacchari was largely restricted to 
bagasse samples collected from two sugar mills and accounted for 
66.6% of the total population of the thermophilic species. This 
finding is in close agreement to the observations of Lacey (1988) 
and Boiron et al. (1988) who also recorded higher prevalence of 
T.sacchari in bagasse samples. The widespread occurrence of 
T.sacchari in bagasse samples has also been reported from many 
sugarcane growing countries like Jamaica, Pureto Rico and India. 
In all these studies, nearly 50% of the samples were positive for 
T.sacchari with an overwhelming population density in the range 
of 105 cfu/g to 5xl06cfu/g dry weight of the samples. The 
presence of residual sucrose together with elevated temperature 
during storage of bagasse provides an ideal environmental niche 
for T.sacchari and therefore, results in enhanced population as 
compared to other clinically important thermophilic actinomycetes 
(Khan et al., 1995). In addition, bagasse samples can also be 
utilized as carbon source for the growth of TAs (Stutzenberger, 
1994). The bedding materials in the poultry farm shed that 
contained rice husk and saw dust exhibited 2.0* 104 cfu/g of 
T.fusca, which was also recorded in wheat grain, rice husk and 
rice straw samples. Though, T.fusca utilizes the cell wall 
constituents of rice straw as a nutrient, yet it solubilizes the 
lignocellulose present in the wheat straw samples (Trigo and Ball, 
1994). We fail to recover even a single colony of T.fusca from 
wheat straw and compost sample. However, the reason for 
unavailability of T.fusca in the wheat straw samples remains 
unexplained. Decomposing poultry feed wastes and rice husk with 
saw dust spread in the shed of poultry farm and stored hay from 
agricultural farm yielded S.viridis. The presence of S.viridis in the 
environment of dairy farm has been reported by Gangwar et al. 
(1991) where they observed precipitin reactions mostly against 
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S.rectivirgula and S.viridis in the sera of dairy workers. In 
general, the prevalence of S.viridis in all the substrates studied, 
was low as compared to other thermophilic actinomycetes. 
In India, more than 10% of human population suffers from 
major allergic respiratory disorder. Hypersensitivity pneumonitis 
is one of the respiratory problems, which occurs due to the 
inhalation of organic dust. Hypersensitivity pneumonitis is found 
to occur commonly in the farmers exposed to moldy hay materials 
of farm environment origin which harbours the viable thermophilic 
actinomycetes (Lacey, 1988). The rotting and heating of hay, 
compost and animal manure favours the proliferation of 
thermophilic species and therefore, they are isolated from 
degraded plant materials and soil samples. The present study was 
therefore, undertaken to determine the prevalence of thermophilic 
actinomycetes from the environment, to which farm as well as 
agro-industrial workers are oftenly exposed and suffer from 
allergy problems in northern India. The highly prevalent TAs in all 
the soil samples were T.vulgaris followed by S.rectivirgula, 
T.thalpophilus and T.sacchari. The populations of T.fusca and 
S.viridis were however, comparatively low. The soil samples 
collected from agricultural fields of Kuarsi and Harduaganj 
showed the considerable populations of these species. The 
contaminated agricultural debries and moisture content of soil 
probably enhanced the growth of TAs (Babich et al., 1996 and 
Jackson and Ball, 1998). Thermomonospora fusca and S.viridis 
were however, found in the soil samples collected from poultry 
and Dairy farm. The dust samples settled on small fenced walls of 
the shed due to the movement of birds led to the frequent 
appearance of TAs species in the selected dust samples. T. vulgaris 
and T.thalpophilus were isolated from settled dust from the rice 
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mill. TAs have also been reported from the sample of settled rice 
dust and wheat straw processing factories (Shen et al., 1991) and 
flourmill (Uguru et al., 1997). 
To check the effect of seasonal atmospheric variation on the 
prevalence of clinically significant thermophilic actinomycetes, 
ten duplicate Petriplates of TSA and MYEA were exposed each 
month during Jan. 1999 to Dec. 1999 .The number of colonies of 
the selected strains were almost same during January, February 
and March. The actinomycetal population increased during April 
with an increase in the temperature. The population of 
thermophilic actinomycetes improved signi-ficantly during May 
followed by June and decreased thereafter during July and August. 
But again a sharp rise in the count occurred during October after 
which a gradual decrease was noted. The variation in TAs during 
different season could be due to different factors. The fluctuating 
temperature during summer, rainy and winter season might have 
affected their population. Alternatively, the harvesting season or 
the raised temperature of heaps of harvested crops also led to the 
changes in TAs populations during different season. 
The aerial prevalence of thermophilic actinomycetes in 
different sections of dairy farm, Jamalpur, varied considerably 
from site to site. S.viridis was highly prevalent and accounted for 
30% of the total TAs in different sections of dairy farm compared 
to other thermophilic actinomycetes. The population density of 
TAs were influenced by the substrates present at different sites of 
the farm. S.viridis population was maximum in buffalow shed 
followed by T.vulgaris in fodder store. However, the densities of 
all other TAs at different sites were at par. In contrary to the 
findings of Brummund et al. (1988), we observed the maximum 
population of S.viridis among all the TAs. No S.rectivirgula was 
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recovered from the selected sites. The lack of hay storage site in 
our study could be the reason for the absence of S.rectivirgula 
which utilizes hay as their preferential substrate. Further, the 
wheat straw and other plant materials used as animal feeds also 
contributes to the increase in growth of airborne TAs (Lacey, 
1988). In our study, the investigation sites used were covered with 
thatched roof of asbestos sheets where fodders and straw were 
stored. No proper drying system for moudly materials was 
available which led to the aerial prevalence of TAs. It is 
established that the drying system affects the growth of TAs 
(Dalphin et al., 1991). Dalphin et al. (1994), further, noticed acute 
symptoms like eye irritation, dry cough and asthmatic symptoms 
among workers of dairy farm where bran drying system was 
applied. It is therefore, suggested that the hay, straw and grain 
must be dried properly before storing these materials so that the 
molding of the materials can be prevented. In a similar study, the 
aerial prevalence of TAs in poultry farm was determined where 
S.viridis accounted for maximum prevalence (37.2%) followed by 
T.vulgaris (34.6 %). In general, the litter disposal area was found 
most suitable place for the proliferation of TAs as compared to 
poultry shed. The greater amount of rice husk and sawdust 
increased moisture which together with elevated temperature 
contributed to the increase in thermophilic actinomycetes 
population as compared to poultry shed area. Medically important 
TAs in saw dust and mushroom compost have also been reported 
by Baker and Synder (1977). 
Occupational respiratory disorders associated with cotton 
industry have been known over a century but the aerial prevalence 
of air borne TAs in cotton mills have received little attention. The 
cotton spinning mill, Sundila, U.P. was therefore, surveyed for the 
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occurrence of TAs. T.vulgaris and T.thalpophilus were more 
frequent as compared to other TAs at different sites of the mill. 
T.thalpophilus and T.vulgaris were more in speed frame sections 
of the mill as compared to other sections of the mill. Our finding 
is in close agreement to the findings of Lacey and Lacey (1987), 
where they also recorded T.vulgaris, S.rectivirgula and S.viridis 
from the air of two cotton mills in England. The aerial prevalence 
of TAs in cotton mills therefore, seems unaffected by geographical 
boundaries. The occurrance of different TAs in Saatha sugar mill, 
Aligarh were frequently low as compared to T.sacchari. The 
population of T.sacchari was more at sites containing bagasse than 
bagasse free sites. The sugar content of bagasse and high 
temperature due to heaping of bagasse appears to be important 
factors contributing to the growth of T.sacchari and other TAs 
species in the sugar mill. 
In nature, the mechanical disturbance of the organic 
substances like hay, straw and bagasse add the actinomycetes 
spores to the environment. Actinomycetal spores have been 
sampled from air using impactors and Anderson samplers 
(Reponen et al., 1998). The quantitative prevalence of TAs in the 
air of agro-environment was assessed using handy sampler 
(Komota, Japan) where the membrane filter of 0.45 jim pore size 
was used to trap the spores of actinomycetes. After plating the 
serially diluted suspensions of spores collected through membrane 
filters, colony forming units per units per liter of air intake was 
recorded at each selected site. The average cfu of TAs recovered 
ranged between 0.6 to 5.6 cfuxlO / liter of air. However, 
thermophilic actinomycetes concentrations in air have been 
reported to be as high as 10 cfu cm"' (Dawson et al., 1996). 
T.vulgaris, T.thalpophilus and S.rectivirgula were isolated from 
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the wheat grown fields. The agricultural fields showed maximum 
counts of T.vulgaris and T.thalpophilus. The prevalence of the 
TAs in the agri-field was due to stacking of hay materials which 
provided nutrients for the growth of actinomycetes. The open 
corridors of the riding club of A.M.U. Aligarh, contained fresh 
and molded grass stacks, where the handy sampler was operated. 
S.rectivirgula was highly prevalent (3.3><10" cfu/1), an increase of 
17.39 to 107.7% over other TAs species. Inhalation of spores of 
these TAs may cause not only hypersensitivity pneumonitis in the 
workers exposed to such environment but even horses may get 
affected (Madelin et al., 1991). High concentrations of S.viridis 
was recovered from air samples collected from dairy farm by 
handy sampler and by direct Petriplate exposure. T.vulgaris and 
S.rectivirgula were also observed in air samples of dairy farm. 
The higher prevalence of TAs in the dairy farm environment 
can be minimized by the use of fodder drying system (Dalphin et 
al., 1991). Since the dairy farms selected for the study can not 
afford the expensive fodder drying systems, they are therefore, 
suggested to maintain proper dry places for storage of hay or other 
animal feeds. Quantitative data from sugar mill showed the 
predominance of T.sacchari followed by S.rectivirgula, where as 
T.fusca and S.viridis were not recovered from the membrane disc 
exposed to sugarcane unloading area. The particle size of 0.5 to 3 
(im can easily reach the distal airway and therefore, the spores of 
actinomycetes ranging from 0.5 to 1.5 jj.m that were traped on 
membrane (0.4 \±m) filter can reach the lung alveoli and may 
sensitize the susceptible individuals causing the hypersensitivity 
pneumonitis. Measuring airborne allergens is therefore, necessary 
to assess the relationship between airborne TAs allergen exposure, 
sensitization and symptoms among worker in agro-environments. 
Serological Studies 
The agglutination techniques analyses only the cell surface 
antigens and therefore, antigenic similarities or dissimilarities 
between the antigens cannot be discerned by this technique. 
Double immunodiffusion (DID) technique on the other hand 
provides the detection of soluble (diffusible) antigens and hence, 
may provide additional insight into the antigenic nature of the TAs 
antigen. An attempt was made, therefore, to purify antigenic 
precipitin bands using DID. All cultured cells possessed one or 
more than one diffusible antigents which reacted with varying 
intensities with their homologous antisera. The DID test further 
confirmed the antigenic diversity among the TAs. ELISA having 
sensitivity comparable to DID was carried out with purified 
antigen of T. vulgaris, T.thalpophilus, T.sacchari and 
S.reclivirgula. The result showed that all four TAs antigens were 
well suited for use directly in ELISA plates. 
The sera collected from symptomatic and asymptomatic 
subjects were precipitin positive to the respective antigens. The 
lower antigen dilution was less reactive compared to some what 
higher dilution. However, further increase in antigen dilutions 
resulted in decreased ELISA reactivities for IgG antibodies in the 
sera. These observations strongly suggests the presence of some 
inhibitors in the antigens which may eventually get diluted at 
higher dilutions. Poor reactivity of neat or pure antigens could 
thus be attributed to the presence of inhibitors. There was a 
difference in ELISA sensitivity in detecting the antigen component 
of the TAs. However, the variations in the sensitivity may be due 
to the loss of the surface antigens from TAs antigenic protein. 
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Diseases due to allergies have increased alarmingly in recent 
years due to greater number of allergens present in rural 
environment (do Pico, 1986; Campbell et al., 1984). These 
allergens cause certain ailments in workers exposed to these 
environment (Salvaggio, 1997). The agro-based industries are 
continuously polluting the environment through transportation of 
agro-products harbouring airbrone microflora. Allergic respiratory 
response or symptoms of hypersensitivity pneumonitis among the 
workers of the two agro based mills were surveyed. The subjects 
showing respiratory symptoms were selected for serological 
studies. Most of the cotton spinning mill workers reported cough 
with expectoration, wheezing and dyspnoea. Dry cough and 
wheezing were frequent among sugar mill workers after a few 
hours of re-exposure to the mill environment. Similar symptoms of 
acute HP were observed by Richerson et al. (1989) in the subjects 
affected by the airborne allergens. Moreno et al. (1997) reported 
a case of HP from Spain showing recurrence of the symptoms like 
fever, chills and dyspnoea after re-exposure to the environment of 
contaminated swimming pool. The farming populations of western 
Austria also had chills with fevers, chest pain and dyspnoea, 4-6h 
after working in the farms (Prior et al., 1996). In our study, 
subjects showing these symptoms were considered symptomatic 
whereas the asymptomatic subjects showed one or two of these 
respiratory allergies. The chest pain and tightness were not 
frequent among cotton and sugar mill workers which indicated 
that chronic HP is not prevalent among the populations surveyed. 
It is suggested that HP should be detected earlier, before it reaches 
the irreversible diffused interstitial lung fibrosis and respiratory 
insufficiency which may lead to cardiac failure (Salvagio, 1997). 
Recently, Arshad (2000) emphasized that measuring the mean 
maximum fall in force vital capacity of the lung and peak 
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expiratory flow rate of the patients can also be used to detect HP 
but these chest functions were not considered in our study as the 
subjects were selected purely on the basis of the physical 
examination and the questionnaire . 
The physical examination of the selected subjects of the 
cotton and sugar mills showed that some workers were having 
allergic respiratory problem after re-exposure to the mill 
environment. It is believed that the onset of allergic reaction 
occurs due to sensitization of susceptible individuals by air borne 
allergens which is related to time and quantity of exposure (Sporik 
et al., 1990; Bessot et al., 1994). In our study, the most common 
sensitizing agents noted were air borne actinomycetes prevalent in 
the environment of the cotton and sugar mills . Similarly, Reponen 
et al. (1998) have also reported the prevalence of spores of 
actinomycetes in the agro-environment. The smoking materials 
like, tobaccos, cigarettes and marijuana was analyzed for the 
fungal spore contaminants where Kurup et al. (1983) showed that 
smokers were precipitin positive to Aspergillus spp. antigen. Their 
findings promoted us to analyse the sera of smokers and non-
smokers for precipitin reaction against aerially prevalent 
thermophilic actinomycetes. In general, the subjects of the two 
mills above 35 years of age were less precipitin positive compared 
to young age group subjects. The result indicates that the 
formation of precipitating antibodies against airborne TAs in 
susceptible individuals occur predominantly at young age. 
However, on continuous re-exposure to the bioallergens, precipitin 
in the subjects may be detected even after a longer period of time 
which is regarded as a risk factor for the development of farmer's 
lung disease (Konishi et al., 1985). Therefore, young farm workers 
at risk should be screened at early stage. Non-smokers among the 
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subjects of the two mills were more precipitin positive than 
smokers. Our finding is in close agreement to the findings of Prior 
et al. (1996), where they showed that smoking was not associated 
with respiratory symptoms, lung function impairment or any form 
of allergic sensitization. Our results indicate that the smoking 
habit of the individual may protect exposed workers to become 
affected with HP due to certain protective mechanism against 
allergens. The other possible explanation could be the functional 
impairment of antigen presenting cells within the lung of smoker 
which may lead to a reduced immune response to antigens inhaled. 
Alveolar macrophages may act as competent antigen presenting 
cells controlling the immunological processes in the alveoli 
(Gemot et al., 1997). Increased number of macrophages in the 
upper respiratory tract of smokers provide a high rate of antigen 
clearance and therefore, the protection to the smokers against TAs 
can be one of the possible mechanism. 
Demonstration of precipitating antibodies to TAs has been 
considered as a prerequisite for the diagnosis of farmer's lung 
disease as reported by Gangwar et al. (1991). The precipitin 
reactions among the sera of symptomatic workers exposed to mill 
environment were more against S.rectivirgula followed by 
T.thalpophilus and T. vulgaris. The difference in precipitin 
reactions in the sera of workers and the aerial prevalence pattern 
of thermophilic actinomycetes is possibly due to the differences in 
the antigenic properties of the actinomycetes. High prevalence of 
precipitin positive against S.rectivirgula were also demonstrated 
in the sera of farmers at Quebec farms (Cormier et al., 1985). 
T.vulgaris was found to be the most prevalent TA in different 
section, whereas few colonies of T.sacchari were recovered on the 
plates exposed to different section of the cotton mill. The section 
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containing bagasse in the sugar mill resulted in maximum count of 
T.sacchari followed by T. vulgaris, T.thalpophilus and 
S.rectivirgula. The prevalence of T.sacchari in bagasse resulted in 
maximum precipitin positive subjects which can lead to bagassosis 
in sugar mill workers (Khan et al., 1995). Though, the aerial 
prevalence of S.rectivirgula in sugar mill was quite low, the 
precipitin positive cases were determined in symptomatic as well 
as asymptomatic subjects. 
A comparative data of precipitin positive and ELSIA values 
(mean+S.D.) for IgG determination in sera of 114 subjects of 
cotton spinning mill and sugar mill were investigated. The sera of 
cotton spinning mill workers accounted for maximum precipitin 
positive against S.rectivirgula subjects. Nine precipitin positive 
symptomatic subjects were ELISA positive and from rest of the 
twenty one precipitin negative sera, three were also ELSIA 
positive against S.rectivirgula. However, symptomatic precipitin 
positive cases against T.thalpophilus and T.vulgaris were ELISA 
positive with a significantly higher ELISA values as compared to 
their asymptomatic and healthy control group (P<0.05). The 
enhanced ELISA values for IgG antibody in symptomatic subjects 
against S.rectivirgula antigen was probably due to the greater 
sensitivity of these subjects towards specific antigen prepared 
from S.rectivirgula. The sera of sugar mill workers demonstrated 
the precipitin reaction mostly against T.sacchari and 
S.rectivirgula. Though the environmental prevalence of 
S.rectivirgula was comparatively low than T.thalphophilus and 
T.vulgaris, yet the minute antigenic stimulus was found sufficient 
to trigger a detectable immunse response (Reiss, 1986). The 
elevated level of specific IgG antibodies against the tested 
antigens of thermophilic actinomycetes in precipitin positive 
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symptomatic and asymptomatic cases were all ELISA positive, 
whereas, in their respective negative group, few of the subjects 
were also ELISA positive. 
In our study, T.sacchari was the preponderant species in the 
sugar mill as also described by Khan et al. (1995). Six 
symptomatic and three asymptomatic sera samples were both 
precipitin and ELISA positive against T.sacchari antigen. Of the 
15 precipitin negative sera of symptomatic group, three were 
ELISA positive. However, among the 30 asymptomatic precipitin 
negative cases, only 13% sera samples were ELISA positive. The 
mean absorbance values for IgG antibody activity against 
T.sacchari and S.rectivirgula was found to be elevated 
significantly in the sera sample of symptomatic workers than 
asymptomatic subjects or unexposed control. This is in conformity 
with the observation of Cornelia et al. (1996) who demonstrated a 
specific binding of IgG in the sera of the farmer's lung patient to 
S.rectivirgula purified antigens. They found no antibody response 
in asymptomatic, exposed and unaffected subjects. The over all 
difference in IgG antibody activity in the sera of precipitin 
positive symptomatic and asymptomatic was insignificant. The 
antibody response and symptoms suggests that the environmental 
exposure may lead to pulmonary fibrosis in certain instance 
(Sutinen et al., 1983). It was suggested by Erkinjuntti et al. (1999) 
that the high antibody levels in farmer's lung patients were due not 
only to high exposure level but also to individual sensitivity to 
environmental microbes. Before the irreversible fibrosis develops 
in the lung and create airflow obstructions, the present study 
enables us to warn the patient or farmers from further damage by 
the re-exposure to the thermophilic actinomycetes acting as bio-
allergens in the agro-environment. 
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The elevated IgG antibodies specific against thermophilic 
actinomycetes in the sera of symptomatic subjects were correlated 
with the intensity of exposure. Asymptomatic cases with no 
pulmonary impairment were found strongly precipitin positive for 
thermophilic actinomycetes but the sera from a few cases of 
symptomatic subjects were precipitin negative. ELISA used in the 
present study represented a reasonably simple and rapid tool with 
which the clinicians could monitor HP patients for continued 
exposure. The exposed workers may be encouraged to take 
measures against allergen exposure. However, the additional 
comprehensive studies are required to determine the impact of 
smoking, If any, on the protection of hypersensitivity pneumonitis. 
The clinical responses and level of air pollution are known 
to increase bronchial hypersensitivity and therefore, induce a 
temporary vulnerability of the susceptible subjects to 
environmental agents. The high concentration of gases and 
suspended particulate matters severely deteriorate the air quality 
of the urban and industrial areas and therefore, causes the 
respiratory allergies among urban populations. The chemical 
pollutants were not prevalent in the agricultural environment, but 
villagers experience the HP (farmer's lung disease) which varies 
between 1-10% (Malmberg et al., 1988). HP diagnosis determined 
among farming population was based on symptoms like fever and 
dyspnoea following exposure to bioallergens (mold dust) 
emanating from agro-products. However, the non-farming 
populations showed an increased respiratory allergies. Therefore, 
farmers and non-farming populations were analysed for the 
symptoms associated with HP, their respective lifestyle or effects 
of environmental factors on their health. The prevalence of 
132 
antibodies in the sera of these groups against TAs were also 
determined. 
The main focus of the study was to assess the allergic 
sensitization rather than respiratory disease and therefore, no peak 
flow charts were recorded. Individuals were not tested for 
bronchial hypersensitivity caused due to inhalation challenge and 
no routine chest X-ray were taken. It is evident that sensitization 
to airborne allergen occurs upon inhalational exposure of 
susceptible individual and is related to the type and quality of 
allergen exposure. The past family history of asthma and current 
respiratory allergies were significantly more among urban 
populations as compared to farmers. The increased sensitivity may 
be due to urban photochemcial smog, which constitutes high level 
of NO2, Ozone, C 0 2 and suspended particulate matter (<2-5 mm) 
(Amato, 2000; Devalia et al., 1997). Though, these chemical 
pollutants were almost nil in rural environments, yet respiratory 
allergies were noted among farmers. The prevalence of current 
symptoms like wheeze, chill with fever and chest tightness/ pain 
after 12 h of exposure to agricultural related work were less 
among full time farming group as compared to part time farming 
groups. The present finding suggests that factors related to 
traditional living conditions on a farm prevented the development 
of allergic disorders in full time farming groups. It is reported that 
increased exposure to livestock decreases the prevalence of atopic 
disease (Von Ehrenstein et al., 2000). 
According to the United Nations data, particulate matters of 
air pollution is significantly associated with enhanced mortality 
due to respiratory allergies, asthma, chronic bronchitis and 
respiratory tract infection (Environment, 1994). The adverse 
health effects due to different concentrations of air particulate 
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matter from various geographical areas were also outlined in 
guideline of World Health Organization (Cotton, 1993). The 
general awareness about the environmental hazards among farmers 
is poor due to lower literacy rate, where only 5% of the farmers 
were graduates. They assume that their environment is free from 
any chemical or gaseous pollutants. But their exposure to 
bioallergens and lack of proper protective measures accounted for 
allergic respiratory disease among 53.6% population of farmers. 
The use of air conditioner and water air cooler that circulates the 
contaminated air was also noted as one of the reason for HP among 
non-farmers. The common use of coal and wood as a fuel were 
associated with a lower risk of atopic disorders among farmers. 
ELISA and DID assays were compared with sera of 85 non-
farmers and 147 farmers. Among 85 non-farmers, all were HP 
patients where only 11.6% sera samples were precipitin and 
ELISA positive to one or more of TAs antigen tested. Four 
subjects selected for study were the regular user of air conditioner 
in their office chamber. The main source of TAs may be the 
contaminated air circulating through air conditioner or the visit of 
these subjects to the agricultural sites where they got exposed to 
the air laden with TAs from agro-product. Rest of the non-farming 
populations were precipitin and ELISA negative to the antigens of 
TAs, but were showing all the symptoms of HP. This indicates that 
they may have been exposed to an increased level of airborne 
bacteria or house dust-mite in the home or office environment, 
which are implicated with the increased asthmatic severity (Ross 
et ai, 2000). 
The serological test further revealed that sera of both 
symptomatic and asymptomatic subjects were positive for 
precipitin reactions and ELISA to one or more of the TAs antigen 
134 
tested. The precipitin positive symptomatic farming subject had 
significantly higher IgG antibody level (P<0.05) compared to 
precipitin negative subjects. On the other hand, a few of the DID 
positive sera samples were ELISA negative. The possible reason 
for the formation of non-specific precipitin lines could be due to 
presence of non-specific proteins which caused the misinter-
pretation of the results. In some cases, a precipitin band was 
formed around the well of sera sample which made the 
interpretation difficult. The DID method has limitation as regards 
to the sensitivity and quantitation also. Some of the sera samples 
demonstrating precipitin bands were ELISA negative. This may be 
due to non-IgG mediated precipitation, whereas in ELISA we 
estimated only IgG antibody titer in the sera samples. Some of the 
sera samples yielded positive ELISA but were DID negative 
because ELISA is highly sensitive and hence small quantity of 
antibody in the samples can be detected through ELISA. While on 
the other hand, DID requires large amounts of antigens and 
antibody and therefore, the DID was negative. The higher ELISA 
absorbance values reflect the antigen responsible for respiratory 
allergies and therefore, the elevated IgG antibodies can be useful 
in epidemiological studies. The usefulness of ELSIA for the 
diagnosis of HP among farmers against TAs have been emphasized 
by Marx et al. (1982) .In the present study ELISA was found less 
time consuming and more sensitive than DID. ELISA can 






The clinically important thermophilic actinomycetes (TAs) 
were isolated from plant materials and soil samples collected from 
different agro-environment regions in Uttar Pradesh, India. The 
isolated TAs were characterized morphologically and biochemically 
as well. The TAs were also subjected to antibacterial drugs. The TAs 
isolates, based on differences in their properties were further 
characterized serologically. The respiratory allergies due to 
inhalation of these bioallergens were determined in personel exposed 
to different agro-industrial environment. 
Thermophilic actinomycetes were isolated from paddy grains, 
wheat and rice straw, rice husk, hay bagasse, cotton dust and soil 
samples etc. These samples were collected from agricultural fields, 
poultry farm, dairy farm, cotton mill and sugar mill located in Uttar 
Pradesh, India. Of the 467 samples, 70.2% yielded one or more 
species of TAs. The TAs isolated from different environment varied 
in their morphological and biochemical properties. The TAs were 
identified as:- Thermoactinomyces vulgaris, T.thalpophilus, T. 
sacchari, Saccharopolyspora rectivirgula, Thermomonospora fusca 
and Saccharomonospora viridis. Thermoactinomyces vulgaris was 
the most widely prevalent species followed by S. rectivirgula and T. 
thalpohilus. T. sacchari was frequently isolated from bagasse 
samples. T.fusca and S.viridis counts was low as compared to other 
TAs isolates. All the selected TAs were found resistant to nalidixic 
acid and novobiocin. T.fusca and S.viridis showed resistance to 
ampicilin, whereas T.fusca was also resistant to kanamycin to which 
all other tested TAs isolates were sensitive. 
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Seasonal aerial counts of TAs in the agriculture farm of Kuarsi, 
Aligarh was determined by direct media Petriplate exposure. The 
higher colony counts plate"1 was recorded during May (3.3) followed 
by June (2.1) which decreased during July and August. Again a sharp 
rise occurred during October, after which a gradual decrease was 
noted. 
The aerial prevalence of TAs were recorded from dairy farm, 
poultry farm, cotton spinning mill and sugar mill located in Western 
Uttar Pradesh, India. Dairy farm, Jamalpur and Poultry Farm, Meerut, 
yielded high prevalence of S.viridis, T.vulgaris, T.thalpophilus, S. 
rectivirgula whereas T.sacchari was also recovered from fodder store 
in dairy farm. In poultry farm, S.viridis and T. vulgaris were more 
prevalent. The cotton spinning mill, Hardoi, revealed higher aerial 
counts of T.vulgaris and T.thalpophilus in the speed frame section 
and S.rectivirgula accounted more in blow room. Whereas, in Saatha 
sugar mill, Aligarh, T.sacchari and T.vulgaris were highly prevalent 
in crushing and bailing sections. Membrane filters were used to trap 
the spores of TAs at different agro-sites. The average cfuL"1 of air 
inflow were recorded mostly from agricultural farm where T. vulgaris 
was highly prevalent (5.6 x 103 cfuL"1). T.sacchari was 5.6 x 103 
cfuL"1 of air samples collected from sugarcane unloading area of 
Saatha sugar mill. 
Double immunodiffusion (DID) test with cultural filtrate 
antigens of T.vulgaris, T.thalpophilus, T.sacchari and S.rectivirgula 
showed that all organisms reacted strongly with their homologous 
antisera raised in New Zealand white rabbits. However, number of 
precipitin bands varied from organism to organism. Much clear bands 
were obtained with culture filtrate after 70% ammonium sulfate 
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precipitation and gel filtration of antigens. The antigens prepared 
from different TAs and their homologous antisera when reacted with 
heterologous antigens revealed the antigenic diversity among these 
TAs. 
Clinically important TAs prevalent aerially in cotton spinning 
mill, Hardoi and Saatha sugar mill, Aligarh, India were evaluated to 
find out their effect on the workers (n=115) exposed to these 
organisms. On the basis of the symptoms of hypersensitivity 
pneumonitis, subjects were divided into symptomatic and 
asymptomatic groups. The workers from both the mills above 35 
years of age were less precipitin positive and lower number of 
precipitin positive cases were also noted in smokers and non-
smokers. S.rectivirgula yielded more precipitin positive sera in both 
symptomatic and asymptomatic groups among cotton spinning mill 
workers, whereas, the ELISA positive cases were also more against 
S.rectivirgula followed by T.thalpophilus and T.vulgaris. Among 
sugar mill workers, higher number of precipitin positive sera of 
symptomatic and asymptomatic were ELISA positive against T. 
sacchari and S.rectivirgula as compared to their respective precipitin 
negative sera. In general, the mean absorbance ELISA values for ]gG 
antibodies in the sera of precipitin positive symptomatic and 
asymptomatic were significantly (P<0.05) higher than their 
respective precipitin negative subjects sera or the unexposed healthy 
control. 
The subjects with complaint of respiratory disorders were 
investigated at J.N. Medical College, Aligarh. Non-farmers (n=300) 
and farmers (n=129) were included in the study. 33% of non-farming 
subjects reported to have family history of respiratory allergies as 
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compared to farmers. Among farming populations, symptoms of 
farmers lung disease like wheeze, chill with fever, chest tightness 
were less frequently among full-time farming groups as compared to 
part-time farmers. 
Double immunodiffusion (DID) test and Enzyme-linked 
immunosorbent assay was performed to determine precipitin reaction 
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Gram's Iodine solution (g/100 
Iodine 0.15g 
Potassium iodine 0.5g 
APPENDIX IV 
Reagents used in protein estimation 
Reagent A- 2% solution of Na2C03 in 0.1N sodium hydroxi 
Reagent B - 0.5% CuS04 in 0.1N sodium citrate 
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Reagent C - 1 ml of reagent B + 50 ml of reagent A 
Reagent D- 2N phenol reagent diluted (1:1) with distilled water. 
APPENDIX V 
Phosphate buffered saline ( PBS, 0.05M) (g/L) 
Na 2HP0 4 7.098 
NaH 2P0 4 . 12H20 7.8 
NaCl 8.5 
KC1 0.2 
Adjust the pH to 7.4 with HC1 
APPENDIX VI 
Agarose solution (1%) 
Agarosse lg 
Distilled water 50 ml 
Mcllavaine buffer 50 ml 
Agarose in distilled water was heated in a water bath till a 
transparent solution was obtained and then 50 ml Mcllavaine 
buffer was added and poured in Petriplates. 
APPENDIX VII 
Mcllavaine buffer 
Citric acid 2.1 g 
Sodium azide 1.0 g 
Di-sodium hypophosphate 32.04 g 
pH 7.3 
Citric acid and di-sodium hypophosphate were dissolved 
separately in distilled water and then volume was made 1 litre, 
The stock solution was diluted to fold with double distilled water 




Coomassie brilliant blue 1.25g 
Methanol 100ml 
Glacial acetic acid 20ml 
Distilled water 100ml 
APPENDIX IX 
Destaining solution 
Ethanol 100 ml 
Glacial acetic acid 40 ml 
Distilled water 260 ml 
APPENDIX X 
Phosphate buffered saline + Gelatin+Tween-20 (PBS-GT) 
PBS 1000 ml 
Gelatin 5g 
Tween- 20 0.5ml 
PH 7.4 
APPENDIX XI 
Carbonate buffer (0.15M) (g/L) 
Na 2 C0 3 1.59 
NaHC0 3 12.6 
Adjust pH to 9.6 with NaOH 
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APPENDIX XII 
Washing solution for ELISA 
Phosphate buffer saline 1000 ml 




Orthophenyldiamine 40 mg 
Citrate phosphate buffer 100 ml 
Hydrogen peroxide 6 ml 
APPENDIX XIV 
Citrate phosphate buffer (0.15M) (g/L) 
Citric acid 31.5 
Na 2HP0 4 21.28 
Adjust the pH to 5.0 with HC1 
APPENDIX XV 
Reaction terminating solution 
H 2 S0 4 133.5ml 
Distilled water 500ml 
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